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ABST8ACT 


The Upgreded DeaonsCretion Vehicles Tesk invesCigsted vehicle/betCery 
perfornence cspabilicies end loterfece probleat that occurred when upgraded 
developaental batteries were integrated with upgraded versions of coMercially 
available electric vehicles. Vehicles used in the testing progran were the 
Jet Industries Electra Van 600| the Electric Vehicle Associates Change'-of-Pace 
Wagon, the Battronic Truck Corporation Volta Pickup, and the South Coast 
Technology R-1 Electric. Developaental batteries used included nickel*-sinc 
batteries from Energy Reaearch Corp. and Yardney Electric Corp., a nickel-iron 
battery froa Westinghouse Electric Corp., and an improved lead-acid battery 
from Globe-Union, Inc. Testing of the electric vehicles and upgraded 
batteries was performed in the complete vehicle system environment to 
characterise performance and identify problems unique to the vehicle/battery 
system. Constant speed tests snd SAE J227a driving schedule range tests were 
performed on a chassis dynamometer. The results from these tests of the 
upgraded batteries and vehicles were compared to performance capabilities for 
the same vehicles equipped with standard batteries. Conclusions from the 
upgrade testing were that the developmental maturity of the vehicles and 
batteries was insufficient to merit deploying up to 200 upgraded vehicles for 
a technology demonstration program. A recommendation was made to defer the 
demonstration and extend the research activites. 


PREFACE 


Each of the vehicles discussed In this report was upgraded early In 
1979 with sCi^te-o£-the*'art components. Testing of each vehicle with Its own 
Internal battery and developmental batteries was done between Nay 1979 and 
April 1980. Therefore, the status and/or conclusions presented herein apply 
only to this time frame. The performance and developmental maturity of 
electric vehicles and/or vehicle components now may be different than 
portrayed in this report. 
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SECTION I 


INTRODUCTION 


The Upgraded Demonstration Vehicle (UDV) Task vas initiated In FY 79 as 
part of the JPL EXsctrlc and Hybrid Vehicle (EHV) Systems Research and Develop- 
ment Project. The task vas established to support the Product Engineering (PE) 
effort of the Department of Energy (DOE) that was to accelerate the introduction 
of electric vehicles (EV) by transferring improved, upgraded technology into 
market demonstrations. Upgraded batteries and Improved electric vehicles are 
important technological advancements which are needed before the EV can become 
a viable transportation alternative. The UDV Task, therefore, concentrated on: 
(1) selecting upgraded batteries, with the help of Argonne National Laboratory 
(ANL), from the DOE Near-Term Battery Program, (2) incorporating the selected 
batteries into selected £Vs, and (3) testing the vehicles and batteries in a 
vehicle system environment to characterize performance and identify problems 
unique to the battery/vehicle system. Conclusions from upgrade testing, 

presented in this report, were that the upgraded vehicles and batteries ’-'ere 
too unreliable to warrant the substantial number originally planned for tech- 
nology demonstration. Instead, a scaled-down procurement was initiated to buy 
four additional vehicles (with two different types of developmental batteries) 
for further battery/vehicle system evaliMtlon. 


A. VEHICLE SELECTION 

An early decision was made to use vehicles from the DOE Product Improved 
Electric Vehicle Program for the UDV Task as the vehicles were representative 
of the state-of-the-art In commercial EV production. Four different designs 
were available from the Product Improved EV Program which involved production 
of 2 vehicles by each of 4 contractors (hence, the Program is commonly known as 
the 2x4 Program and the vehicles as the 2x4 Vehicles). The 2x4 Vehicles 
consist of two commercial vehicles: the Electra Van 600 by Jet Industries and 

the Volta Pickup by Battronlc Truck Corporation, and two passenger cars: the 

Change-of-Pace Wagon by Electric Vehicle Associates (EVA) and the R-1 Electric 
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by South Coast Technology (SCT). Each vehicle is described in the following 
paragraphs and shown in Figure 1-1« The aunufacturer's specifications for each 
of the 2x4 Vehicles are contained in Appendix A« 

The Jet Industries Electra Van 600 is a conversion of a Japanese-made 
Fuji van. The Jet van is capable of carrying a driver and up to three passen- 
gers (or a comparable payload). The vehicle was delivered with seventeen 6-V 
lead-acid batteries (SGL 211GC-HC) making up a nominal 102-V battery pack that 
weighs 524 kg (1156 lb). The van is equipped with a series-wound dc motor, an 
armature chopper, and a four-speed manual transmission and has no regenerative 
braking capability. 

The Volta Pickup by Battrcnlc Truck Corporation is an original design 
that seats two and carries up to 450 kg. (1000 lb) of payload. The vehicle was 
supplied with a 144-V lead-acid battery pack (24 ESB EV-106 batteries) weighing 
686 kg (1512 lb). An armature chopper, having regenerative braking capability, 
controls the series-wound Jc traction motor. A 2-speed gear box allows selec- 
tion of a gear ratio when the vehicle Is not In motion. 

The Change-of-Pace Wagon provided by (EVA) la a converted AMC Pacer Wagon 
that seats four. The propulsion battery supplied with the vehicle consists of 
a 120-V lead-acid battery pack constructed from 20 Varta P-125 batteries total- 
ling 572 kg (1260 lb). Speed control for the separately excited dc motor is 
provided by armature and field choppers in conjunction with a three-speed auto- 
matic transmission (with a lock-up torque converter). The car Is capable of 
regenerative braking. 

The SCT R-1 Electric is a converted Volkswagen Rabbit 3-door hatchback 
and carries two passengers. The baseline (as-delivered) vehicle is powered by 
a 108-V battery pack consisting of eighteen 6-V lead-acid batteries (ESB XPV-23) 
weighing 514 kg (1134 lb). Speed control of the separately excited dc motor is 
accomplished by actuating contactors in the armature circuit (with a start-up 
resistor) in conjunction with a translstr.’tzed field chopper. The vehicle is 
equipped with a four-speed manual tranamlssion and Is capable of regenerative 
braking. 
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B. 


BATTERY SELECTION 


Vftien candidate batteries were selected for testing, the DOE/AKL 
sprnsored Mear-Tera Battery Program consisted of the following manufacturers 
for each of the three battery types indicated below: 


Lead-Acid Nickel-Iron 

Exide, Inc. Westinghouse Electric Corp. 

Globe-Union, Inc. Eagle-Picher Industries, Inc. 

SiLia Corp. 


Nickel-Zinc 

ERC 

Exide, Inc. 
Gould, Inc. 
Yardney, Inc. 


Thus, there were eight potential near-term battery candidates for the 
Upgraded Demonstration Vehicle Program. A set of criteria was formulated to 
help select batteries to be tested from the eight candidates. The criteria 
established for battery selection were: 


(1) Willingness of the battery manufacturers to participate in the 
program. 

(2) Suitability of battery modules for installation in the 2x4 Vehicles. 

(3) Need for in-vehicle data on a particular battery. 

(4) Likelihood of a particular battery meeting the May 1979 delivery date 
for testing. 

Initially, lead-acid batteries were not considered candidates for this 
task. Siwie in-vehicle lead-acid battery data already existed and there was 
little concern that there were unknoim battery/vehicle interface problems. 
Lead-acid batteries, then, did not satisfy the first criterion. During 
testing of the battery candidates initially selected, however, a spare set of 
lead-acid batteries, designed for Electric Test Vehicle-1 (ETV-l), became 
available. Because this was an improved lead-acid battery, the Globe-Union, 
model EV2-13 battery was added to the test program to provide a comparison 
with the other near-term batteries. 

Two each of the nickel battery types were selected for testing. Of the 
two nickel-iron candidates, the second criterion excluded the Eagle-Picher 
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battery leaving the Weatinghouae battery aa the only oear-teca nickel-iron 
battery available for the UDV Program. Application of the aelection criteria 
to the nickel-sinc candidatea reaulted in teating ERG and Yardney. 

The batteriea uaed during teating are deacribed briefly in the following 
paragrapha . 

The Globe-Union lead-acid battery (EV2-13) ia conatructed in baaically 
the aane aanner aa other conventional lead-acid batteriea developed by 
Globe-Union. However, the cella have been rotated vertically (i.e., 
cella were parallel to the length of the battery rather than the width) 
to increaae the aurface area and aapect ratio. The negative plate ia 
free of antinony. 

The nickel-iron battery manufactured by Weatinghouae uaea platea of 
hot-preseed, nickel-plated ateel wool. The poaitive plate ia electro- 
chemically impregnated with nickel and the negative ia pasted with 
ferric oxide (Fe^O^). This battery uses a circulating electrolyte 
system that pumps the potassium hydroxide (KOH) electrolyte through the 
cells and a heat exchanger. Circulation of the electrolyte provides the 
cooling needed and allows gaseous effluents to be managed during charge. 

The nickel-zinc battery manufactured by ERG is based on a unique cell 
construction. The positive plate is manufactured from an active 
material composition of nickel hydroxide and conductive diluent that is 
rolled and pressed with a plastic binder onto a metal current 
collector. Zinc oxide and additives are combined and bound in the same 
manner to form the negative plate. 

Yardney 's nickel-zinc battery pack is constructed of cells using 
electrochemically impregnated, sintered nickel positive plates. The 
negative plate is bound in the same manner as the ERG cell. The 
separator is a three-part system using proprietary Yardney separators. 

Each of the batteries were specified to provide a nominal voltage of 
108 V. This terminology is somewhat vague and does not imply that the 
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batteries have the sane operating voltage under load conditions (as will be 
shown in a later section). In neeting this specification, the basic 
differences in design and electrocbeaical cell potential necessitated 
differences in the nunber of cells in each battery and the total battery 
weight. Table 1**1 sunnarizes these differences. 


C. VEHICLE/BATTE&Y COMBINATIONS 

Because the testing tine and facilities required for the nunber of 
possible vehicle/battery conbinations exceeded that which was available for 
the UDV progran, a nethod for selecting and prioritizing the vehicle/battery 
conbinations was required. Therefore, a second set of guidelines was 
developed for selection of the battery/vehicle conbinations to be tested. 
These criteria were: 

(1) Electrical conpatibility of vehicles and batteries. 

(2) Delivery schedule (availability) of the 2x4 Vehicles and 
the near-term batteries. 

(3) Vehicle characteristics demonstrated in baseline 

testing ("as-delivered" vehicles with lead-acid batteries). 


Table 1-1. Upgrade Battery Characteristics 


Battery 

Number of Cells 
in Battery 

Weight 
kg (lb) 

ERC Nickel-Zinc 

66 

561 (1236) 

Yardney Nickel-Zinc (SCT) 

72 

539 (1188) 

Yardney Nickel-Zinc (EVA) 

80 

599 (1320) 

Westinghouse Nickel-Iron 

90 

590 (1300)® 

Globe-Union Lead-Acid 

54 

490 (1080) 

^Based on oeisured cell veight plus an estimated 1.13 kg 
electrolyte pump^ reservoir and heat exchanger. 

per cell for the 


On the basis of the first two criteria and the contract specifications 
for each of the 2x4 Vehicles, the SCT and Jet vehicles were selected as the 
primary test vehicles with the upgrade batteries. The remaining vehicles were 
assigned secondary priority. Problems with the Jet vehicle in the baseline 
testing resulted in the SCT vehicle becoming the sole primary vehicle. As a 
result of these factors, the Yardney Nl-Zn battery was the only upgrade 
battery tested under pulsed (armature chopper) conditions. The resulting 
matrix of battery/vehicle test combinations is Illustrated in Table 1-2. 


Table 1-2. Upgraded Demonstration Vehicle Tests 


Vehicle 

(Baseline 

Battery)* 

Globe- 

Union 

Baseline EV2-13 

Westlnghouse 

Nl-Fe 

ERC 

Ni-Zn 

Yardney 

Nl-Zn 

SCT 

(ESB XPV-23) 

• • 

• 

• 

• 

JET 

(SGL 211 GC-HC) 

• 




EVA 

(Varta P-125) 

• 



# 

BATT 

(ESB EV-106) 

• 




^Defined aa the 

battery delivered with 

the particular vehicle. 
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SECTION II 


SUMMARY OF BATTERY AMD VEHICLE TEST RESULTS 


A. INTRODUCTION 

It was intended that each battery system be installed in a separate 
vehiclei but this was never accomplished. Vehicle reliability problems pre- 
cluded the dedication of any given battery system to any given vehicle. Also, 
the Westinghouse electrolyte circulation and gas effluent systems were in a 
rudimentary state and suffered from problems typical of initial designs. 
Because of the leaking electrolyte systems and the desire to match available 
battery systems to functional vehicles, the batteries were placed alongside 
the vehicles. Testing was accomplished by electrically connecting the car to 
each battery through an umbilical cord. Both nickel-zinc batteries were 
structurally sound and were capable of being installed in the vehicles* 


B. BATTERY TEST RESULTS 

The upgrcde batteries demonstrated significant improvements in energy 
density relative to the baseline batteries. Deficiencies in other aspects of 
overall performance, however, must be corrected before successful integra- 
tion of the upgrade batteries into a long term demonstration program. The 
lead-acid battery had relatively poor performance from one or more modules 
within the battery. Both nickel-zinc batteries exhibited poor cycle life. 
Further development in packaging the electrolyte circulation system and han- 
dling the volume of hydrogen generated at the relatively high charge late is 
required for the nickel-iron battery. 

The upgrade batteries posed no problems in terms of electrical compati- 
bility with the vehicles other than the higher system voltage associated with 
the nickel batteries. Both attempts to operate the EVA Pacer on the Yardney 
battery precipitated a failure in the EVA's controller. Also, there was 
concern over possible safety problems. The close proximity of lead-acid 
battery electrolyte (sulfuric acid) and nickel battery electrolyte (potassium 
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hydroxide) presented « difficult heodling problea, beceuse of the leaks in the 
nickel-iron battery. Also the copious quantities of bydrogeo liberated by the 
nickel-iron battery during charge aandated that all gaaeous effluents be 
diluted and vented outdoors to prevent hydrogen buildup to dangerous levels. 

JPL was probably overly cautious in handling these developaental batteries. 
Future refineaents of charging procedures say alleviate aany of these safety 
problems . 

Energy density inproveaents were heavily dependent on the type of test 
being performed; that is, the batteries varied in their ability to maintain the 
same energy capacity at different power levels. The Yardney and Westinghouse 
nickel batteries were exceptioncl as illustrated in Figure 2-1 which shows the 
energy densities exhibited by the upgrade batteries and by the baseline lead- 
acid battery in the SCT vehicle during constant speed range tests. This figure 
shows the average energy density delivered by the batteries being discharged at 
the average power levels shown. 

There are other battery performance characteristics that aust be con- 
sidered in the overall assessment. These include the voltage discharge charac- 
teristics, charge/discharge efficiency, and recharge requirements. Because the 
efficiency of many vehicle components is sensitive to current, battery voltage 
characteristics are an important parameter. Although all the upgrade batteries 
were specified as 108 V, the voltage under load varied substantially from this 
"nominal" voltage, as shorn in Figures 2-2 and 2-3. These figures show the 
plots of voltage as a function of ampere-hours (Ah) discharged and illustrate 
the ability of the upgrade batteries in most cases to maintain a higher voltage 
than the baseline lead-acid battery. 

The importance of charge efficiency lies in the energy economy of the 
vehicle/battery system. The batteries varied widely in this respect, partly 
because of the uncertainties associated with charging the developmental 
batteries, but also because of the inherent characteristics of the battery 
construction. The lead-acid batteries performed <-oosistently throughout the 
testing program, exhibiting Ah efficiencies of 80-85X and watt-hour (Wh) 
efficiencies of 65-70X. EEC's nitkol-*inc battery was equipped with a 
state-of-charge meter that controlled cb&rge termination. Operational 
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Energy Density Comparison of the Upgrade Batteries as a Function of Power (SCI Data) 
Note: Interconnecting lines do not imply a linear relationship 






uncertainty and Inaccuracy of this aeter resulted In recharge efflclenclea (Ah) 
that varied from 50 to 90%. The Yardney nlckel-*lnc battery uaed a set charge 
procedure that resulted In Ah efficiencies of 92-93%. The Uestlnghouse nlckel- 
Iron battery exhibited charge/discharge Ah efficiencies ranging fros 65-70%, 
primarily because of the overcharge requirement specified by the manufacturer. 
Unfortunately, Instrumentation limitations precluded the measurement of recharge 
energy. Charging procedures that optimize battery capacity, life, and recharge 
efficiency will reduce the magnitude of overcharge. In other words, all of the 
recharge data presented herein reflects charge procedures designed to assure 
maximum battery capacity (l.e., vehicle range). 

C. VEHICLE TEST RESULTS 

The 2 X A Vehicles varied widely In efficiency and engineering detail, 
but were designed for substantially different purposes. Both the SCT and EVA 
vehicles were designed as passenger vehicles. The EVA vehicle, however, is 
capable of carrying four passengers, twice that of the SCT. The Jet and 
Battronlc vehicles are Intended for commercial applications, but the Battronlc 
vehicle can carry a 295 kg (650 lb) payload exclusive of the 68 kg (150 lb) 
driver allowance, compared to a 204 kg (450 lb) payload capacity In the Jet 
van under the same conditions. Thus, direct comparison of vehicle performance 
would be of little value. With this In mind, the vehicle ranges observed 
during constant speed tests of the 2x4 Vehicles are shotm In Figure 2-4. 

Other parameters of vehicle performance, such as reliability, must be 
considered when assessing the test results presented In this report. The SCT 
vehicle had problems with the propulsion system (l.e., motor failure and Inter- 
mittent controller failures) which required correction soon after delivery. 
Subsequent to the Initial failures, the SCT operated reliably throughout the 
rest of the test program. The Jet van experienced motor and controller over- 
heating which eliminated the possibility of using the vehicle as a test bed 
for the upgrade batteries. The EVA vehicle exhibited limited problems with 
the controller which required the manufacturer's attention (two of the failures 
occurred during operation at higher than rated voltages). The Battronlc vehicle 
operated without failure throughout its limited testing program at JPL. 
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Figure 2-4. Electric Vehicle Range Comparison with the Baseline 
and Upgrade Batteries 


An additional problem connon to each vehicle was the lack of a battery 
charger or an initial lack of reliability when a charger was provided. Because 
of this problem, all battery charging was done with a laboratory type power 
supply during performance testing. 

The above problems have been presented to enhance reliability of future 
EVs. Although the problems may appear numerous, these vehicles still exhibited 
a considerable improvement compared to vehicles produced only a few years 
earlier. Most failures were ancountered early in the test program and the cars 
have been relatively dependable since that time. 
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SECTION III 


TEST PROCEDURES 


All vehicle/battery tests were conducted on a chassis dynamometer. Track 
tests were used to establish road load for dynamometer settings. Because there 
were only small differences In battery weighty the unique dynamometer settings 
for each vehicle were held constant regardless of the battery type to enhance 
the comparisons of the test results* 

The track tests were performed on a runway at Edwards Air Force Base. 
During these tests* the vehicles were Instrumented with a fifth wheel and strip 
chart recorders. Environmental conditions were also monitored to Insure that 
the wind velocity and other conditions were within the guidelines set by the 
JPL Field Test Procedure (Ref. 1). 

The dynamometer tests were conducted at JPL*s Automotive Research Facil- 
ity. Range tests included constant speeds and the SAE J227a driving schedules 
(Ref. 2). The vehicles were instrumented to obtain the voltage, current, tem- 
perature, power, amperage^, and energy at various locations In the propulsion 
system. Figures 3-1 through 3-8 are pictures of the 2x4 Vehicles and sche- 
matics of their respective propulsion systems showing the locations of the 
sensors. These sensors are part of the power/energy measurement system which 
was designed and fabricated at JPL (Ref. 3). 

The following discussion briefly outlines the test procedures employed 
in the road and dynamometer tests* Additional Information on the test methods 
can be found in the Individual “baseline** test reports for the Individual 
vehicles (Refs. 4, 5, 6, 7). A comprehensive description of JPL test proce- 
dures for electric vehicles is planned for publication In 1981 (Ref. 8). 


1 


In the context of this report, amperage refers to an Ah measurement. 
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Figure 3-2. Battronic Volta Pickup 
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Figure 3-3. EVA Energy Sensor Locations 



Figure 3-4. EVA Change-of-Pace Wagon 
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Figure 3-7. SCT Energy Sensor Locations 
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A. 


ROAD TESTS 


1. Coast-Down Tests 

Vehicles were driven or towed on the runway for a minimum of 19 km 
(12 ml) to warm-up the drlvetrain and tires before testing. Because of the 
limited length of the uniform portion of the runway, 1200 m (4000 ft), coast- 
downs were done in two segments to provide level road-load data from 88 km/h 
(55 ml/h) to 16 km/h (10 ml/h). Runway length limitations also necessitated 
using a tow vehicle to accelerate the EV up to the desired speed before 
releasing It to Initiate the coast-down process. This procedure was repeated 
until 10 acceptable pairs of opposite direction runs were completed for each 
of the high speed and low speed coast segments. All coast-downs, except for 
the EVA Change-of-Pace and the Battronlcs truck, were done with transmissions 
in neutral and the clutch disengaged. The automatic transmission of the EVA 
car was placed In neutral, and the rlutchless Battronlc transmission was forced 
to a position where neither of the two torque paths were engaged. Analysis of 
the track coast data at 80 km/h (50 mph) and 24 km/h (15 mph) provided the 
basis for the dynamometer adjustments. 


2. Best Effort Acceleration Tests 

Though the Intent was to test each 2x4 Vehicle for maximum 
acceleration In Its baseline configuration, time constraints precluded all but 
the SCT vehicle from being tested. This vehicle was accelerated as fast as 
possible In both directions on the test track using shift points specified by 
SCT. Between acceleration runs, the vehicle was driven the entire length of 
the track and back at 32-48 km/h (20-30 ml/h). This procedure of using two 
best effort accelerations followed by a low speed cruise was repeated until the 
baseline battery terminal voltage was less than 70 V (1.3 V per cell). In this 
way, the acceleration capability was determined at various depths of discharge 
(DoD) from OX to approximately lOOX. The DoD is unique to each particular 
discharge rate, where lOOX DoD is empirically determined as that point where 
battery voltage falls below 70 V. All acceleration tests on the track were 
performed between 21^’ and 29°C (69° to 85°F). 
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B. DYNAMOMETER TESTS 

Vehicle range teats were all conducted on a chassis dynsDometer. Pre- 
ceding each range test the test vehicle was allowed to "soak*' at 21°C (70^) 
until the on-board batteries and the vehicle drlvetraln stabilized near this 
temperature. All vehicle range tests which used lead-acid batteries had an 
iuitlal (start of test) temperature of 21 + 3®C (70 + 5^), and the nickel 
batteries had a variety of initial temperatures (see paragraph C). Within one 
hour before testing, the dynamometer was warmed up with a different vehicle and 
then calibrated to the unique adjustments needed for each test vehicle as 
determined previously from coast-down data. Range tests consisted of a minimum 
of two repeats of each specific type of J227a driving schedule or constant 
speed test. 


1. Constant Speed Range Tests 

The vehicle was accelerated as quickly as possible to the given 
cruise speed without vehicle warm-up. Tests were run at cruise speeds of 40, 
56, 72 and 88 km/h (25, 35, 45 and 55 ml/h), with 56 km/h and 88 km/h being the 
primary test speeds for those vehicles capable cf sustaining 88 km/h. Speed 
was maintained within 5Z until the battery voltage fell below the value speci- 
fied by the battery manufacturer or reached 1.3 V per cell (JPL specified ter- 
mination criteria for lead-acid battery tests). The vehicle was then brought 
quickly to a stop. 


2. Driving Schedule Range Tests 

These tests consisted of driving the prescribed schedule until the 
vehicles were unable to meet the cycle acceleration requirements or until the 
minimum battery voltage criterion was attained. The driving schedules were JPL 
standardized versions of the SAE J227a driving schedules in which details of 
acceleration, coast, and braking were defined to simulate normal driving charac- 
teristics. Linear ramps are Inferred from the SAE specifications of speeds 
reached at given times (Ref. 2)'. The accelerations, used by JPL, are an 
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average of the acceleration profllea uaed In the Federal Teat Procedure (FTP) 
(l.e«t EPA Urban Driving Cycle)* The reaultlng profiles vere norvallsed to 
the appropriate tlM constraints of the J227a procedure and closely appro- 
xlaate a constant pover acceleration. The cruise Is a constant speed 
operation for the tlae specified by the SAE. The coast rate Is alallar to 
that of a conventional vehicle with an autoaatlc transalsslon. The coast tlae 
specified by SAE has been reduced by three seconds In the “D" cycle, and 
braking extended by an equal Increaent. These aodlflcatlons allow the braking 
rate to stay below the 5.3 ka/h/s (3.3 al/h/s) rate found In the FTP. The 
authors of the SAE J227a procedure clearly Indicate that the driving schedules 
were not Intended to slaulate how vehicles are typically driven. Likewise, 
JPL's standardisation of these profiles, although using a "how people drive" 
rationale , was not intended to provide any eaulatlon of typical driving 
patterns. Standardisation was done solely to alnlalse the extensive sub- 
jectivity found in the basic J227a procedure* Without this standardisation, 
battery comparisons based on the driving schedules would be difficult. In 
other words, different interpretation's of the driving schedules could have a 
larger impact on vehicle range than would differences In the batteries 
reported herein. 

In summary, with the exception of the split between coast and brake In 
the "D” cycle, the J227s specifications of time vs. speed remain as defined by 
the SAE. Details of the JPL standardised cycles can be found in Appendix B. 

The vehicles that participated in the 2x4 Vehicle testing program were evalu- 
ated on the J227a "B" and "D“ cycles (or J227a "C" if the "D" cycle could not 
be performed). The speed-time profiles of the "B" and "D" cycles are shown in 
Figure 3-9. 


C. BATTERY CHARGING AND CONDITIONING 
1. Lead-Acid Batteries 

Two major factors contributed to JPL's decision to use external 
equipment for charging the on-board battery packs: 
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Figure 3-9. JPL Standardized J227a ''B” and "D" Driving Schedules 


(1) The on-board chargers of the first vehicles tested (SCT-VW 
and the EVA-Pacer) were of poor design and either failed to 
provide a reasonable charge or failed altogether. Lester 
Co. chargers, provided in the rest of the vehicles, suffered 
froB early reliability probleas and were not functional 
during testing. Subsequent to vehicle testing, the Lester 
Co. chargers have operated reliably. 

(2) To ainiaize the nuaber of variables in asking battery 
coaparisons, each battery should be charged by the same 
generic technique. This could only be achieved with an 
off-board charger. 
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Except for the Battronlc tnxk, all of the vehicles were equipped with 
new lead-acid battery packs. Therefore, each set of batteries was 
"conditioned” by conducting 10 to IS deep discharge/charge cycles using an 
external load. Although the conditioning process was needed to bring the 
various battery packs up to their rated capacity, the process also served 
other Important purposes. Weak battery modules were Identified and replaced 
before any vehicle tests were Initiated. Also, the basic charging procedure 
was refined to satisfy the unique needs of each battery pack. 


To expedite EV testing, JPL performed "quasl-equallzatlon" charges 
Instead of the equalization charge specified by the SA£-J227a test procedure. 
This change reduced the charge time and the subsequent "soak” time needed to 
allow the battery pack to cool to the JPL-lmposed temperature of 21° + 3°C. 
The use of the "quasl-equallzatlon" charge permitted this process to be 
automated. The characteristics of JPL's lead-acid charge procedure are as 
follows: 


(1) Charge at a constant current of 25 A until the battery pack 
reaches the clamping voltage empirically determined during 
"conditioning" . 

(2) Once the temperature compensated clamping voltage Is achieved, a 
timer is initiated and voltage Is held constant (except for the 
compensation for electrolyte temperature) while current tapers to 
a low value. 


(3) Continue charging for the 6-h duration of the timer (6.5 h for 
Globe-Union batteries) and then terminate battery charge. 


Clamping voltage Is defined as that voltage which Is required, at the 5-h 
point of the timed charge, to keep charging current between 3 A and 5 A. This 
nominal A-A finish current was selected to minimize electrolyte stagnation by 
inducing agitation through electrolyte gassing. As prevlou.^ly Indicated, this 
necessitated a unique clamping voltage for each battery pack. Table 3-1 lists 
the cl^unplng voltages for each battery system and Figure 3-10 represents a 
typical charge profile. The time when the clamping voltage was achieved and 
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Table 3-1. Lead-Acid Battery Clamping Voltage 


Battery Pack 

No. of Batteries 

Clamping Voltage* 

Equivalent 
Cell Voltage 

ESB EV-106 

24 

192.0 

2.67 

ESB XPV-23 

18 

145.8 

2.70 

G-U EV2-13 

18 

136.8 

2.53 

SGL 211GC-HC 

17 

137.7 

2.70 

Varta P-125 

20 

156.0 

2.60 

^Temperature compensation ■ -0.004 V/®F/cell, 80®F reference. 


the timed taper charge was Initiated Is the point where the amperage (Ah) 
previously discharged has been 95X replaced. The balance, or timed portion, 
of the charge primarily reflects overcharge and results in a relatively 
constant quantity of amperage being returned during the overcharge. As such, 
recharge efficiency is partially a function of the preceding discharge. During 
the testing described here, recharge efficiency (Ah) was between 80 and 85Z. 

As seen by the increased battery heating (Figure 3-10) the most inefficient 
charging occurs during the extensive (timed) taper charge. This Increased 
heating is a product of the test process and would not be typical of a properly 
designed charger under normal operation. 


2. Nickel Batteries 

Each of the three nickel batteries in the upgrade program was 
charged according to specifications supplied by each battery manufacturer. 

The chargers for each respective battery was also supplied by each nianufacter 
as part of the battery system. All of these chargers were “laboratoiy” typo 
devices that «fere never Intended to be optimized for vehicle use. Because 
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AMPS or kWh 



these chargers were ooly used as tools to aid in the evaluation of the battery 
and battery/vehicle interface, there was no atteapt to characteriae the 
perfornance of the charger itself. Unlike the lead-acid battery teats, all 
vehicle tests with nickel batteries were performed with no "soak" period after 
charge. As such, battery temperatures at test initiation tiers usually much 
higher than the 21^0 imposed on the lead-acid batteries. This higher 
temperature, up to 38^*0 (lOO^F) is not necessarily a benefit to the nickel 
battery capacity. The lack of a soak period was beneficial because 
self -discharge, which is most severe when nickel batteries are fully charged, 
was precluded by starting a test ianediately after recharge. The effects of 
battery temperature and self -discharge were not quantified. 

The charger supplied with the ERC Ni-Zn battery consisted of a 
transformer and a variac followed by a full wave rectifier. This charger 
operated from a 230 VAC, 30 A circuit. Battery state-of-charge (SoC) was 
supplied by a 0.5 Ah ni''kel-hydrogen pilot cell. This cell was coupled to the 
Mi-Zn propulsion battery through a shunt and provided SoC indication on a 
pressure gauge attached to the pilot cell. A pressure switch connected to the 
pilot cell was used to terminate battery charging. Uncertainty of the 
correlation of the pressure gauge (and pressure switch) to recharge amperage 
necessitated periodic consultation with ERC for adjustment and calibration. 
Charging current was held at a nominal 25 A by intermittently adjusting the 
variac until the pressure switch terminated the charge. Recharge time took 
anywhere from 8 to 16 h depending on the depth of the previous discharge and 
the calibration of the SoC indicator. The ERC battery was force cooled with 
several fans to minimize the temperature rise above the 21°C (70°F) 
ambient. 

Three series connected regulated power supplies comprised the charger 
for the Yardney Ni-Zn battery. Each power supply was powered by a separate 
115 VAC, 30 A circuit. The SoC information was provided by a commercial 
coulombmeter connected to the Ni-Zn propulsion battery via a shunt. Charging 
was terminated by a meter relay within the SoC gauge. The charging instruc- 
tions for Che Yardney battery were the most sophisticated of all Che nickel 
batteries. 


Even this charging technique ^ however, required minor adjustments to overcome 
a continuing loss of battery capacity during the initial 3 vehicle/battery 
tests* The resulting charge scheme started with a constant charge current of 
18 A and continued until the battery clamping voltage of 135*4 V (2*05 V/cell) 
was achieved, after which current was allowed to taper* Charge was terminated 
automatically by the coulombmeter when recharge exceeded the previous discharge 
by 12Z* Because of the good reliability and repeatability of the Yardney 
charger, JPL segmented the charge to minimize after-hour manpower* A normal 
charge was initiated at the end of each working vlay* This charge terminated 
automatically 12 to 14 h later. Before test initiation (discharge), 
additional charge was added, based on the length of stand (soak) from charge 
termination, to compensate for self-discharge* Table 3-2 defines the amperage 
needed to compensate for self-discharge* Use of these charge algorithms 
resulted in a very repeatable battery capacity with no apparent degradation 
over the limited cycle life at JPL (22 cycles). Interestingly, the Yardney 
battery was never charged to its design capacity* To avoid the deleterious 
effects of battery charging above approximately 85Z SoC, Yardney rated the 
battery at 80Z of the design (maximum) capacity* As such, the battery was 
always operated in the bottom 80Z of the design capacity, where 80Z design 
capacity is equal to the lOOZ rated capacity (250 Ah) discussed later in this 
report* 


Westinghouse' 8 nickel-iron battery was charged at much faster rates than 
any other battery in the upgrade program* A constant charge current of 70 A 


Table 3-2* Self Discharge Compensation 


Stand Time (days) 

Topping Charge (Ah) 

< 0.5 

2 

0.5 to l.O 

4 

1.0 to 8.0 

6 per day 
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was specified by the mnufacturer because of the poor charge acceptance of the 
negative electrode at lower currents. Overcharging ranged from 20Z to 50Z by 
oanually stopping the charge. A 33Z overcharge became the nominal value used 
at the finish of this battery's testing. At the direction of Westinghouset 
several other overcharge values were tried during the earlier testing. To 
satisfy the high charging current, Westinghouse supplied a regulated power 
supply which operated on a 460 VAC, 50 A, 3 phase circuit. Westinghouse also 
supplied an electrolyte circulation system and a liquid/liquid heat exchanger 
to provide thermal managenwnt during charging. Tap water provided cooling for 
the electrolyte. During charging a puaip was activated (see Figure 3-11) which 
drew electrolyte from a reservoir and forced it through the heat exchanger and 
then the 90 cell string before it emptied back into the closed reservoir. 
Electrolyte pumping also flushed gaseous accumulations from each cell. All 
gaseous effluents were expelled through a water bubbler and then vented 
outdoors for safety reasons. 


GAS GAS 



HEAT EXCHA* •''^ER 
(TAP WATEI^KOH 


Figure 3-11. Westinghouse Electrolyte Circulation System 


3-15 



SECTION IV 


VEHiaE CHASACIERIZAIIOH 


This section addresses the energy perforaance of the overall vehicle 
with particular attention to the perforaance of the electrical portion of the 
drivetrain. In-situ oessureaents of aechanical losses are difficult and 
expensive to iapleaent* Because aechanical losa aeasureaent and analysis is 
aore cost-effective on a coaponent teat standi no att^apt was aade to include 
these aeasuieaents as part of the battery /vehicle tests* On the other handi 
the instruaentation needed to characterise the aotor and controlleri in 
addition to the battery, was relatively ainor. 

Because of the coaplexity of doing a coaplete vehicle analysis under 
each test condition, it was necessary to ainiaize the effects of as aany 
variables as possible. For this reason, only certain tests were exaained. 

The inforaation presented here is based only on those tests perforaed on the 
dynaaoaeter and with each vehicle's baseline lead-acid battery. Data froa 
teats perforaed at the Edwards AFB test station (road-load determination) %rare 
used to characterize all mechanical (transmission to tires) and aerodynamic 
losses. 


Several factors influenced the degree to which the vehicles could be 
characterized. The Upgraded Demonstration Vehicles Task was directed at 
vehicle testing and evaluation of improved electric vehicle batteries. 

Vehicle component performance investigation was not the primary objective of 
the testing program and the vehicles were not instrumented to yield detailed 
information concerning all of the individual coiaponenta. The energy sensor 
Ic-ations in the 2x4 Vehicles, which %iere presc:ited as Figures 3-2, 3-4, 
s-h, and 3-8, provided enough information to separate the batteries, 
controllers, and mechanical drivetrains (aotor to %rheels). The battery 
characteristics are presented in Section V, this section deals primarily with 
the b^avior of the controllers and drivetrains of the 2x4 Vehicles as 
derived from the dynaatometer test results. The energy use characteristics of 
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the 2x4 Vehicles %icre also Inveatlgated to determine the power and energy 
requirements for each of the vehicles and the energy consumption versus driving 
mode In the driving schedule tests* fhe following discussion begins with the 
vehicle energy use characteristics, followed by the component behavior. 


A. BATTERY DISCHARGE ENERGY USE CHARACTERISTICS 

1. Battery Discharge Energy Consumption versus Driving Mode 

Figures 4-1 to 4-4 show the battery energy splits for the four 
vehicles over each of the JPL Standardised SAE J227a driving schedules. These 
figures present the battery energy used In each of the modes encountered In 
performing the driving schedules, l.e., acceleration, cruise, deceleration 
(coast and brake) and idle. The energy splits of Figures 4-1 to 4-4 were each 
obtained from a single teat; that is, multiple tests were not averaged. How- 
ever, the energy splits were derived by averaging all the cycles within the 
appropriate individual test. Therefore, the effects of vehicle warm-up (prima- 
rily tire warm-up) on battery power requirements were averaged over an entire 
test. Use of only a single test for this analysis has little effect on the 
results presented here. Because repeat tests of these vehicles in the baseline 
configuration generally resulted in energy economies (i.e., Vfh/km or Wh/cycle) 
within 27 *f the typical tests used here, it was thought that the extra effort 
in averaging all similar tests was not worth the benefits that could be derived. 


a. Battronic Truck Energy Splits . As shown in Figure 4-1, most 
of the battery energy for the Battronic truck was conaused during acceleration. 
Considering the truck's heavy vfelght, the quantity of Inertial energy consump- 
tion is not surprising, nor is the high percentage for the cruise mode. Poor 
motor and controller efficiency (discussed later) along with high road-load 
power requirements were the main constituents of the relatively high percentage 
of energy needed in the cruise mode. Also contributing to the high motive 
energy requirements was the use of an inefficient system (an alternator), to 
charge the accessory battery (see motor efficiency discussion). 



» CYCLE 

AVERAGE CYCLE ENERGY - 125.3 Wh 
AVERAGE REGEN. ENERGY - 1 .0% 



C CYC LE 

AVERAGE CYCLE ENERGY - 222.4 Wh 
AVERAGE REGEN. ENERGY - 1 .7% 

NUMBERS IN { ) ARE Wh/CYCLE 


Figure 4-1. Energy SpliCs for the Bettronic Volta Pickup Truck 
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B CYCLE 

AVERAGE CYCLE ENERGY - 125.1 
AVERAGE REGEN. ENERGY - 0.0% 


C CYCLE 

AVERAGE CYCLE ENERGY - 200.4 Wh 
AVERAGE REGEN. ENERGY - 0.0% 

NUMBERS IN ( ) ARE Wh/CYCLE 


Figure 4-2* Energy Splits for the Electric Vehicle 
Associates Change~of*-Pace Wagon 
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C CYCLE 

AVERAGE CYCLE ENERGY - 124.8 Wh 
AVERAGE REGEN. ENERGY - 0.0% 


D CYCLE 

AVERAGE CYCLE ENERGY - 394.6 Wh 
AVERAGE REGEN. ENERGY - 0.0% 

NUMBERS IN ( ) ARE Wh/CYCLE 


Figure 4-3< Energy Splits for the Jet Industries Electra Van '600' 
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BCYCL£ 

AVERAGE CYCLE ENERGY > 74.8 Wh 
AVERAGE REGEN. ENERGY > 2.5% 


C CYCLE 

AVERAGE CYCLE ENERGY - 125.7 Wh 
AVERAGE SEGEN. ENERGY - 3.3% 



D CYCLE 

AVERAGE CYCLE ENERGY - 351 .6 Wh 
AVERAGE REGEN. ENERGY - 2.5% 

NUMBERS IN ( ) ARE Wh/CYCLE 


Figure 4-4. Energy Splits for the South Coast Technology R-1 Electric 
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During deceleration (coaat and brake), ainiaal regenerative energy waa 
returned to the battery. To accospliah regeneration, the controla isolated 
the series wound field froa the araature and connected it directly to the 
battery through a liaiting resistor. Regenerative energy to the battery was 
then possible when the housekeeping power requireaents were satisfied and the 
araature output voltage exceeded that of the battery. There was insufficient 
araature voltage to charge the battery below the equivalent of base speed for 
this “isolated" configuration. Although little regenerative energy was 
returned to the battery, significant amounts were extracted by “snubbing" the 
motor. This energy was controlled by the araature chopper and was dissipated 
as heat in the duaping resistors (additional discussion provided later in this 
section). Considering the ainiaal range extending benefits available through 
regeneration, it is doubtful if the added c ■‘ft - nnd reduced reliability 
(because of additional component count) is warranted for this particular 
technique. 

The relatively small percentage of energy consumed during deceleration 
and idle is the result of several factors. The lack of a actor idle 
condition, permitted by the series motor/araature chopper combination, is the 
most obvious. Controller housekeeping energy is relatively small compared to 
the large percentage of energy needed during acceleration and cruise. The use 
of an alternator to charge the accessory battery precludes propulsion battery 
energy consumption during idle. 


b. EVA Change of Pace Energy Splits . As was the case for the 

Battronics truck, the energy splits of Figure 4-2 are dominated by 
acceleration and cruise losses. Although the AMC Pacer is considered an 
economy car, its relatively heavy weight makes it a poor selection for EV 
conversions. This problem was compounded through the use of large heavy steel 
plates in making the EV changeover (i.e., motor mounting plate, etc.). 

Although the EVA vehicle has separate motor controls (armature or field), all 
of the cyclic test data presented here was during araature control (see 
controller discussion). The relatively poor sM>tor/controller efficiency 
contributed to the high percentage of energy required during acceleration and 
cruise. 
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A significant portion (over SX) of the SVA's energy consuaption occurred 
during deceleration and idle even thou|^ this car was capable of 
regeneration. A dc-dc converter used to charge the acceaaory battery and 
three series connected fans accounted for Boat of this energy consuaption* 
Because two of the three fans were used to purge both battery coapartaents, 
alaost 400 W of the 900-W acceaaory load could be saved by separating the 
aotor fan froa those used to purge batteries. A scheae that uses natural air 
flow during vehicle aoveaent %K>uld likely provide adequate safety in the 
battery coapartaent during discharge. During deceleration, a relatively 
sophisticated technique was used to autoaatically downshift the transaission 
whenever aotor speed fell below base speed, thereby keeping the aotor in a 
regiae where regeneration is optiaised. The poor reverse coupling of the 
autoaatic transaission, however, prevented recovery of aeaningful kinetic 
energy. The sophistication of the controller was of little avail. Recovery 
of kinetic energy was not sufficient to overcoae the deaands of the 
accessories or the controller's housekeeping needs. No regenerative energy 
was returned to the propulsion battery. 

c. Jet 600 Energy Splits . The lighter weight of the Jet van is 
reflected in the saaller percentage of energy consuaed during acceleration 
(Figure 4-3). Except for the Schedule "B" test, the Jet van exhibited 3 or 
aore percentage points less energy during acceleration than the other vehicles 
described here. This difference cannot be totally attributed to weight. For 
exaaple, the SCT-Rl Electric consuaed soae energy during idle, thereby 
reducing the percentage of energy consuaed during acceleration. The Jet 
vehicle was not equipped with a dc-dc converter to charge the accessory 
battery, nor were the aotor cooling fans powered by the propulsion battery 
(JPL had to add additional cooling capacity to keep the aotor teaperature 
below 350 degrees fO The propulsion battery energy requireaents %iere not 
penalized by the accessory deaands as were the two previously discussed 
veh ides. 

Because the aotor and controller are not powered during deceleration 
except for ainiaal controller housekeeping needs, the energy consuaption 
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during deceleration and Idle was nll< There was no regenerative charging 
capability* 


d. SCT-Rl Electric . Several factors contributed to the rela' 
tlvely low percentage of acceleration energy Indicated In Figure 4-4. Besides 
sharing the lowest test weight value with the Jet van, the SCT-Rl Electric was 
the only vehicle using a aotor control strategy which relied solely on field 
weakening. The effects of this strategy on the acceleration and cruise energy 
splits were twofold: (1) near equal motor/controller efficiencies were evi- 

denced In both the acceleration and cruise nodes (see controller discussion) 
and (2) the energy consumed during Idle and deceleration decreases the percent- 
age of total energy used for acceleration and cruise. The need to Idle a motor 
which Is only field weakened becomes equivalent to an excessive housekeeping 
load during non-motive operating conditions. As with the Jet van, the energy 
requirements for the accessory battery and the cooling fan for the motor are 
not reflected In the energy splits of Figure 4-4. )k>tor cooling energy was 
obtained directly from the accessory battery. Because the dc-dc converter 
(needed to maintain the accessory battery's charge) did not function, this 
energy was not accounted for. 

The highest regeneration recorded from the four vehicles was by the SCT-Rl 
Electric. Even here the energy returned to the battery during deceleration was 
almost negligible, amounting to only 3.3Z on the Schedule "C test. This 
figure represents only about 4.2 Wh per cycle. Two factors contributed to the 
SCT's low regenerative energy: 

(1) Downshifting was not permitted during deceleration. Had downshifting 
been allowed, higher regeneration would have been realized, as the motor 
would have been kept above base speed longer. Downshifting was not 
allowed In the manufacturer's recommended driving procedure, nor did JPL 
feel that downshifting would be done by the average EV operator. 

(2) Regeneration was only available when the motor was above base speed. 
Because the cruise portion of any driving schedule was always done In the 
highest possible gear, as defined by the manufacturer's recommended 
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shift points t only smsll qusntltles of regenerstlon could tske plsce 
until the motor was disengaged to preclude the motor from being forced 
below base speed. From a controller viewpoint, the regeneration is 
obtained at no cost. 

The SCT-Rl Electric also exhibited the highest energy consumption of the 
four vehicles during idle. During the Schedule test, this idle loss 
accounted for a full 14Z of the discharge energy per cycle. Idle energy 
consumption, as a percentage of a total cycle, always exceeded the percentage 
of regenerative energy by at least a factor of two. The 1500 W needed to Idle 
the motor during “brake** and **ldle“ becomes a significant penalty during any 
driving pattern having frequent or extended stops. Additional Information on 
the attributes and drawbacks of the controls used by the SCT-'Rl Electric can 
be found In the Test Report of the Cutler-Hammer Corvette (Ref. 10). 


2. Battery Power and Energy Comparisons 

Figure 4-5 shows the average battery power^ required for each 
vehicle at constant speed and Figure 4-6 shows the average battery power 
required for the acceleration, cruise, and Idle portions of the J227a driving 
schedules. These figures show that the SCT vehicle required considerably less 
power under nearly all conditions. Several factors contributed to the SCT's 
superior energy economy: 

(1) Lowest weight, equal to the Jet vans, which was a significant 

benefit during the acceleration modes of cyclic tests. 

(2) Most efficient controller; only the field was subjected to 

chopping losses. 

(3) Lowest road-load requirements. 

In making these comparisons. It must be remembered that Battronlc truck was 
not Intended for use as a passenger vehicle, but rather as a utility truck 


^Average power was obtained by dividing the total battery discharge energy by 
test duration (elapsed time) and then averaging this value with those from 
repeat tests. 
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Figure 4-5. Constant Speed Battery Po%»er 
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Figure 4-6. Battery Po%rer vs Driving Mode for SAE J227a Cycles 
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which would be expected to demonstrate higher energy requirements per mile 
traveled* The truck's high weight and frontal surface areas were primarily 
responsible for Its poor performance compared to the other upgrade vehicles* 

The energy required from the battery per unit of distance traveled (energy 
consumption) as a function of vehicle speed is sho%m graphically In Figure 4**7. 
As expected, energy consumption Increased with speed because of the higher 
rolling resistance and aerodynamic drag (with the exception of the EVA Change- 
of-Pace)* The Increase In energy economy with increased speed exhibited by the 
EVA vehicle explains the abnormal speed vs* range characteristic presented In 
Section V* As shown In the following discussion on controllers, the efficiency 
of the EVA's controller Increased by approximately 8X between 40 and 72 km/h* 

The combined motor/ transmission efficiency was about 25% higher at 72 km/h than 
at 40 km/h* These effects combined to Increase the overall drlvetraln effi- 
ciency (battery to road) sufficiently to overcome the increased road load at 
the higher speed* 


B . COMPONENT CHARACTERISTICS 

1. Controller Introduction 

Three different types of motor/controller systems were Implemented 
in the four vehicles tested. The Battronlc and Jet vehicles employed series 
wound motors with armature choppers* The EVA vehicle used a separately excited 
motor, and was the only vehicle of the group using both armature and field 
choppers* Both the Battronlc and Jet vehicles used Silicon Controlled Recti- 
fiers (SCRs) exclusively In their motor/controllers* EVA's controller used 
SCRs in the armature chopper and transistors In the field chopper* The SCT 
vehicle used a separately excited motor and a transistorized field chopper, 
with the armature being connected directly to the battery. To avoid excessive 
start-up currents, a relay and starting resistor were used to bring the SCT's 
motor up to base speed when the vehicle was “started." 

The following discussion examines the efficiencies of the four controllers 
during various modes of operation* Many factors affect controller efficiency, 


4-12 





including design, the choice of componeatis , systea voltage, and power levels. 
Matching the controller to the aotor is also an iaportant co.nsideration, parti- 
cularly under conditions of pulsed operation. 


2. Average Controller Efficiency 

The overall energy efficiencies for each type of test perfomed are 
presented for each of the four controllers in Table 4-1. The efficiencies were 
derived by dividing the susi of the aeasured energy inputs to the motor (i.e., 
armature energy plus field energy if applicable) by Che measured quantity of 
energy extracted from the battery. The energy values used herein are the 
averages obtained by combining all valid tests of the same type. These data 
then Include the effects of vehicle warm-up on power requirements and the 
effects of declining battery voltage as the test progresses to battery deple- 
tion. Before discussing the controllers for each individual vehicle, it is 
appropriate to denote the loss mechanisms associated with each type of con- 
troller. 

The SCRs are solid-state devices capable of switching the large currents 
and withstanding the voltages needed for EVs. Once Che SCR switch is tui'ced 
on, it can only be turned off by Interrupting the current flowing through it. 

In other words, SCRs are not capable of turning themselves off as long as 
current is flowing through them. To achieve motor/control through the use of 
SCRs, "commutation” circuitry is added to the controller. In the case of the 
vehicles discussed here, energy is stored in capacitors until the controller 
commands the main SCR to be turned off. At this point, the charged capacitors 
are discharged into the motor downstream of the main SCR. Sufficient energy 
is released from the storage capacitors that the motor is powered solely by the 
stored charge and the main SCR becomes reverse biased. At this point, the main 
SCR turns off and waits for the controller to turn it back on. This switching 
process is repeated approximately SOO times per second and provides an essen- 
tially continuous control of the motor by varying the on-off time of the SCR. 

The relatively slow switching speed of the SCR coupled with housekeeping 
power requirements during commutation result in a relatively constant amount 
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Table 4~1. Average Controller Bfficiency (X) Va. Teat Tjrpe 



J227a 

••b" 

J227a 

J227a 

«D" 

40 ka/h 
(25 ai/h) 

56 ka/h 
(35 ai/h) 

72 ka/h 
(45 ai/h) 

88 ka/h 
(55 ai/h) 

8CT 

99.2 

99.3 

99.4 

__ 

98.7 

98.9 

98.6 

JET 

91.7 

93.3 

94.6 

— 

92.3 

— 

96.4 

BATT 

— 

— 

— 

81.3 

— 

92.7 

— 

EVA 




89.8 

91.6 

96.7 

— 


of power being dissipated internal to the controller but independent of the 
throu^put (notor) power. As such, the higher the throughput the saaller the 
controller percentage losses. This problea of poor controller efficiency at 
low throughput (vehicle power deaaods) is coapounded by poorer aotor 
efficiencies during high crest factor pulsed operation. As power requireaents 
increase, crest factor decreases, thus resulting in enhanced aotor ^nd 
controller efficiencies. Thece poorer controller efficiencies are reflected 
in the data presented in Table 4-1 which shows that the vehicles having SCR 
controllers exhibited poorer efficiencies. 


a. Battronic Controller . A soaewhat unique scheae was used by 
Battronic to achieve regeneration capability froa a series wound aotor. 
Engageaent of the brake pedal would cause the aotor* s araature to be isolated 
froa the series field. The field was connected directly between the 
propulsion battery and the SCR chopper noraally used to control the series 
coabination of the field and araature. The isolated araature (with its 
polarity reversed) was connected directly across the propulsion battery 
through steering diodes. Field excitation was then provided by the araature 
chopper and regeneration was available to the battery. However, shunt fields 
require considerable excitation current to aake the araature a useful 
generator. Coabining the high excitation currents with the large housekeeping 
losses for the controller results in sn extreaely inefficient aeans of 
returning inertial energy to the battery. Figure 4-8 deaonstrates power 
levels in and out of the battery and aotor during two cycles of a J-227a 


4-15 



TiMC^MC 

Figure 4*-8* Battrooic Volta Pickup Vehicle Speed, 
Battery and Hotor Arsature Po%#er 
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Schedule "C” te«t< It cen be seen that the peek regenerative power froa the 
armature is 7 kW, and the peak regenerative power into the battery la only 4 kW. 
The effecta of thla Inefficiency are reflected In the dlfferencea In regenera'- 
tlve energy from the the motor veraua what went back Into the battery* During 
teat #6, Schedule *‘C", 0.451 kWh waa obaerved aa regenerative energy from the 
motor, yet only 0.207 kWh waa returned to the battery. Thla 46Z regeneration 
efficiency waa a major factor In explaining why the percentage of battery regen- 
eration energy waa leaa than 2Z of the total dlacharge enexgy. Conaldering the 
small quantity of energy returned to the battery, It is questionable If the 
added complexity of the controller la warranted. 

Daring the conatant velocity teatlng, the Battronlc Cableform controller 
required the hlgheat Internal houaekeeplng power, dissipating an average of 
1.5 kW. Much of this power was lost in the excessively large commutation 
storage capacitors. As can be seen In Figure 4-9, the controller losses for 
the Battroaic vehicle exceed thoae of the other controllers reported here both 
on an absolute and a relative basis. Oscillograms of the controller voltage 
and current waveshapes are provided In Figures 4-10 and 4-11. 

Although not quantified during testing at JPL, the relatively high con- 
troller losses were coupled with similar efficiency degradation for the motor. 
Even though the magnitude of degradation will vary considerably from motor to 
motor, It is generally acknowledged that dc motors suffer a decline in effi- 
ciency during pulsed operation and that these losses are a function of the 
crest factor of pulsed current among other things. The high controller losses 
exhibited by the Battronlc controller, therefore, were compounded by less effi- 
cient motor operation (additional discussion on motor losses during pulsed 
operation is provided later In this section). 


b. EVA Change-of-Pace Controller . EVA also employed a Cable- 
form controller to drive their motor. This controller had an SCR armature 
chopper and a transistor field chopper. The separately excited dc motor was 
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Figure 4-10. Battronic Volta Pickup Battery Waveshapes 40 km/h (25 mi/h) 
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Figure 4-11. Battronic Volta Pickup Battery Waveshapes 72 km/h (45 mi/h) 


4-19 




controlled by armature chopping below base speed and field weakening above 
base speed. As with the Battronic controller^ the EVA was also capable of 
regeneration. Above base speed» sufficient voltage was developed (during 
regeneration) to return energy to the propulsion battery | but below base speed 
there was insufficient voltage. To provide regenerative braking below base 
speed 9 the armature chopper was used as a controlled short across the armature 
to **snub** (brake) the motor* The apparent motor/ transmission control algo- 
rithm was to upshift the transmission during acceleration as soon as the motor 
achieved base speed. During deceleration! downshifts would occur when the 
motor fell below base speed. In other words » transmission shifts were 

coinmanded by the controller each time a transition was made trom armature 

2 

chopping to field weakening or vice versa. This control strategy should 
enhance regenerative battery charging by keeping the motor above base speed as 
long as possible (via transmission downshifts) during deceleration. All of 
this relatively elaborate control, however, was of little avail as the 
regenerative energy returned to the battery was nil. The reverse coupling of 
the Pacer's torque converter was poor (by design), thereby precluding the 
possibility of transmitting the stored inertial energy oack to the battery. 
Figure 4-12 presents data from two cycles of a Schedule "C** test which 
demonstrate that once regeneration is initiated the motor quickly approaches 
zero speed because of the lack of coupling in the transmission's backwards 
torque path. 

Controller efficiency and loss data for the Change-of-Pace is provided 
in Figure 4-li. As with the previous Cableform controller (Battronic), 
considerable power is required for housekeeping and SCR commutation during the 
armature chopping mode of operation. Some insight into the differences in 
controller efficiency is demonstrated, fortuitously, by having two different 
modes of operation at 72 km/h (45 mi/h). Voltage during tests with the 
Yardney Ni-Zn battery was sufficiently high to raise the motor's base speed 
just above 72 km/h (45 mi/h) compared to the base speed corresponding to about 
bl km/h (Jd mi/h) for the baseline battery. During the baseline 72 Kra/h ^45 


^This postulated control strategy is based on observations of the vetiicle's 
operation and an analysis of the recorded data, it has not been verified 
with the vehicle manufacturer. 
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Figure 4**13. EVA Change-of-Pace Controller Power Losses 
and Efficiency vs. Speed 
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EFFICIENCY 



ml/h) tests the controller losses were under 0.6 kW coopered to the losses of 
over 1*3 kW during the Yardney (aroature chopping) tests at the same speed. 

Oscillograms of the controller, voltage, and current waveshapes are 
presented In Figures 4-14. 4-15. and 4-16 for the baseline battery constant 
velocity tests. Figure 4-17 was obtained from the Yardney 72 km/h (45 ml/h) 
test Just discussed. It can be seen that armature chopping Is occurring here, 
but not during the same speed test for the baseline battery shown In Figure 
4-15. As with the Battronlc controller, motor efficiency will also suffer 
during the armature chopping mode of operation. 


c. Jet Controller . Only the Jet van was without regenerative braking 
capability. Jet Industries had Initially Intended to supply this capability; 
however, this was predicated upon General Electric following through with 
their Intended development of a controller to replace the EV-1. General 
Electric's decision to discontinue development of the SCR-type controller 
occurred late In the Jet van construction and therefore prevented Installation 
of any controller but the original Jet controller, the EV-1. 

As shown In Figure 4-18. the EV-1 controller in the Jet mini van was the 
most efficient of the three SCR controllers In this report. Part of this 
higher efficiency resulted from the use of marginal cooling fans for the 
controller. To keep the controller from current limiting because of excessive 
Internal temperatures. JPL added cooling capacity beyond that supplied with 
the vehicle. The energy needed to drive this added blower is not accounted 
for In Figure 4-18. Waveshapes of the battery and motor parameters are 
provided In Figures 4-19 and 4-20. 

Once the controller heating problem was solved, test durations became 
sufficiently long that motor overheating became a problem. An additional 
(larger) blower was added to cool the motor; however, the Jet van's motor 
continued to run considerably hotter than those of the other 2x4 Vehicles 
(see discussion later In this section). 
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Figure 4-19. Jet Industries - Mini Van Motor Waveshapes 
72 kn/h (45 mi/h) 
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d. 8CT E-1 llttric CaattollT . South Cooot Tochaologjr oaploytd th« 
•iapltoc Motor control strotogy of tho four rohieloc. Tho ooparotoly oxcitod 
■otor vac cootrollad by fiald utakoaiot* Any tiao tho Motor «aa forcad abova 
ita baaa (idla) apaadi it waa autOMOtlcally capable of ragaoarativa braking. 
Although no additional controla am raquimd to achiava raganat ^tion, thia 
control tachn^ua wae not without penalty. The notor Muat idle at a 
mlatively high apaad (approxiMOtaly 1800 rpa for the R*1 Electric) which 
raquima aona energy conauMption during non-propul a iva periods (i.a., idla, 
coaat or brake). The penalty aaaociatad with thia idla (baaa apaad) condition 
IS defined earlier in thia aaction. Althouj^ the controller's efficiency is 
relatively good in the regenerative node, the energy mtumad to the battery 
was not appreciable. During the J-227a Schedule testa, the "cruise" segnent 
was driven with the notor slightly above base speed. Because downshifting was 
not done during decelerations, them was very little opportunity for 
mgeneration before the notor needed to be declutched fron the drivetrain. 
Without disengagenent of the notor, the drivetrain would have been forced 
below base speed thereby initiating notor shut-down. 

Because only a snail part of the total notor power is nanipulated by the 
field-only controller, its efficiency is excellent when refemneed to total 
battery power as exhibited in Figum 4-21. Despite this high efficiency, the 
conbined notor/controller efficiency could have been easily enhanced by 
increasing the mpetition rate of the field chopper. The large fluctuations 
in araature current shown in Figuma 4-22 and 4-23 are a direct msult of the 
slow (20 Hs) field chopping rate. Although fhe inprovenents gained, by 
increasing the repetition rate are snail, they am without coat or other 
efficiency penalty. In fact, the reduced notor heating (i.e., less eddy- 
current and resistive heating) tfould only enhance overall perfomance and 
reliability. 


3. Motor Efficiency Discussion 

Xn-situ neasurenenta of notor torque are difficult (and costly) 
during conplete systes level tests. Because notor efficiency, by itself, is 
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of little benefit in enalyeis of the bettery-to-vehicle interactions, this 
measurenent was not justified. On the other hand, the above controller 
discussion would not be complete without insight into the motor's sensitivity 
to the characteristic of the device controlling it. 

Although there is no efficiency data for tha specific motors in 
combination with the specific controllers found in the 2x4 Vehicles, the 
general decline in efficiency as a result of chopped dc is available in a 
Lewis Research Center (LeRC) report (Ref 12). Data from a motor similar to 
the ones in the Battronic and Jet vehicles (series wound) is reproduced in 
Figure 4-24 (Ref. 12). Like the SCR controllers, motor efficiency is the 
poorest under conditions of partial power, as displayed in this figure. Most 
SCR controllers vary the chopping repetition rate as a function of motor power 
requirements to minimise the combined motor /controller losses but their 
resulting efficiency leaves room for considerable improvement. This is 
especially true under low (partial) power conditions typical of level 
road- load requirements. 

The Jet and Battronic vehicles both have series wound motors, but the 
Jet motor has a solid case compared to the laminated Battronic motor case 
typified in Figure 4-24. The solid cased motor is a poor selection for use 
with chopped dc because of the added eddy current losses. Althou^ these 
losses were not directly quantified, their effects are observed in the motor 
case temperatures provided in Figures 4-25 and 4-26. As previously indicated, 
the non-laminated Jet motor got far hotter than any other during JPL testing. 
Motor current is also graphically presented in these figures and demonstrates 
that both motors are drawing similar current levels. 

Figures 4-25 and 4-26 also reinforce previous statements. Toward the 
end of each test, motor temperature starts to decline despite the fact that 
motor current is increasing to compensate for declining battery voltage* As 
current is increasing, the ripple content of the chopped motor current 
declines, thereby reducing eddy-current losses. Despite the increased winding 
(resistive) losses, the reduced eddy-current losses result in a net decrease 
in overall motor heating losses. The increasing controller efficiency with 
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Figure 4-24. Motor Efficiency (Based on Data In Ref. 12) 
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MOTOR CASE TEMPERATURE, ®F BATTERY CURRENT, amp 



Figure 4-23* Battronic Motor Teaperature and Current 
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Figure 4-26* Jet Notor Teaperature and Current 
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Increasing throughputs can also ba obsarvad during the J**227a driving cycle 
tests. All controllers and all aotors with armature choppers operated more 
efficiently during the acceleration mode of the driving cycle than during the 
cruise mode except for Jet's Schedule "8“ teat. The reaaon for the unexpected 
acceleration and cruise efficiencies Is not obvious. The driving schedule 
controller efficiencies, however, presented In Figure 4-27 were derived 
differently from those given for the constant speed tests. During constant 
velocity tests. It vas relatively easy to subtract out those constant power 
losses not directly attributable to the controller (e.g., dc-dc converter, 
motor fan, etc.). To segment these losses Into each of the five modes of the 
driving schedules for each cycle completed la a considerable task which was 
not attempted. This shortcoming does not distract from the main objective 
tdilch Is to relate controller efficiency to throughput power. 

Some understanding can be gained on idiy using an alternator was an 
Inefficient way to charge the accessory battery for the Battronlc truck. The 
use of the alternator requires the following relatively Inefficient power 
conversion steps: 

(1) Propulsion battery to propulsion motor, 

(2) Propulsion motor to fan belt, 

(3) Fan belt to alternator, 

(4) Alternator to accessory battery. 

These four steps compare to the single step required for a dc-dc 

converter. If the alternator was 1002 efficient and the fan belt operated 
without losses, the 40 to 80Z propulsion motor efficiency shown In Figure 4-24 
Is far less than the 90 to 952 efficiency advertised for commercial dc-dc 
converters. These converters are frequently used to charge the accessory 
battery In EVs. It is estimated that the use of an alternator resulted In 
accessory battery charging efficiency of 20 to 502 versus the 90 to 952 
possible with dc-dc converters. 
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SECTION V 


VEHICLE/ BATTERY TEST RESULTS AND BATTERY COMPARISONS 
A* BASELINE TEST RESULTS 

The test procedures eaployed in the vehlcle/hsttery testing hsve been 
discussed In Section IV. Becsuse of the differences In vehicle perforaance 
capabilities end time constraints of the testing prograa, each vehicle was 
tested with a slightly different set of baseline tests. Table 5-1 susaarlzes 
the sets of baseline tests perfomed by the 2x4 Vehicles, tfost of these 
tests were perfomed at least twice. The average values of the vehicle/ 
battery perforaance paraaeters are presented In this section; however, the 
Individual results of all the dynaaoaeter tests are listed In Appendix C. 

Table 5-1. 2x4 Vehicle Baseline Tests Perfomed 



Constant Speeds, ka/h (al/h) 

40 (25) 56 (35) 72 (45) 88 (55) 

Driving Schedules 

«B~ 

(J227a) 

"D" 

SCT 

(ESB XPV-23) 

• • 

• 

• 

• 

JET 

(SGL 211GC-HC) 

• • 

# 

• 

• 

EVA 

(Varta P-125) 

• • • 

• 

• 


BATT 

(EV-106) 

• # 


• 



Test results of the prlaary test vehicle (SCT) are presented first, followed 
by the other 2x4 Vehicles. The baseline results are presented to provide 
background for coapsrlson. Analysis of the results with respect to battery 
perforaance and coaparlsons between tests will be presented when discussing the 
upgrade battery results. Vehicle data analyses on component characterization 
and energy efficiency are presented In Section IV. 
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South Coast Tachnology, S-1 Elactric 


a* Conatant Spaad Ranaa . Tha baaallna laad-acld battary par** 
foraad conaistaatly throughout tha tasting pariod. Tha 56 ka/h (35 al/h) taat 
raaultad in a ranga of 131 ka (82 al). Ranga droppad to 71 Iw (44 ai) at 
88 ka/h (55 al/h) raflactlng tha hlghar road load and lowar nat anargy capacity 
of tha bpttary at hlghar powar lavals. Tha battary dallvarad 15 kWh In tha 
56 ka/h (35 ad/h) ranga taat with a noalnal conatant powar daaand of 6.5 kW. 

Tha energy capaclt' was reduced by 24Z to less than 12 kWh whan tested at the 
higher powar raqulreaant (14 kW) of tha 88 ka/h (55 al/h) teats. Tha rasalta 
of teatlng the SCT vehicle at constant apaada with tha baaallna laad-acld 
battery are suaatarlzed in Table 5-1. The average vehicle energy consuaptlon 
listed ie calculated baaed on the battery output and, as such, docs not include 
charging efficiency. The details concerning Individual tests can be found In 
Appendix C. 


b. Driving Schedule Range . The vehicle/battery perfonance 
requireaents were laore stringent for the driving cycle tests than the constant 
speed tests because of the high power deaand during acceleration. The power 
profile required or the battery for the driving schedules was coaplicated soae- 
what because of the 4-speed tranealssion and individual driver technique, asking 
exact reproduction of every cycle laposslble. However, specific shift points 
corresponding to the aanufacturer'e recoaaendations, were eaployad to alnlaixe 
the variations between cycles. Exaaples of a typical vehicle speed and battery 
power profiles during a J227a **8** range test are shown in Figure 5-1 to illus- 
trate the effect the shift points had on the power profile. 

The baseline lead-acid battery provided a capacity of 16.6 kWh in the 
J227a “B** test for a range of 76 ka (47 ai). The effect of the higher average 
power and transient power deaands in the J227a **C* and “D** schedule tests were 
evident in the range results. The energy consuaptlon per klloaeter in the 
cycles was slightly less than the **8", however the battery discharged 22Z less 
energy, producing a range of 60 ka (38 al). Though the vehicle energy consuap- 
tlon per klloaeter in the "D** cycle was alaost Identical «rlth the “B" cycle, 
the battery provided only 9.2 kWh and produced a range of 42 ka (26 ai). 

Table 5-2 presents the average values of range, energy consuaptlon, and 
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TIME, Mc 


Figure 5**1* Exaaplee of J227« *V Driving Schedule Speed 
end Power - SCI Vehicle 
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i» the prociuct of energy density anci the b«ttery*s recharge energy efficiency* 



battery energy output for cyclic teete* Individual teat detella ere found In 
Appendix C. 


2. Jet Induetrleat Inc*» Electre Van 600 

a* Conetent Speed Eenge . The baeelioe lead-acid battery (SGL 
211CC-HC) provided a 56 kn/h (35 nl/h) range of 60 kn (38 nl) with an energy 
output of 10.0 kWh. The energy output of the battery dropped by 26X when 
tested at the higher average power of the 88 ka/h (55 nl/h) range teat. Thla 
resulted In a range of 39 ka (24 al). Table 5-3 auaaarlxaa the results of the 
Jet Industries constant speed teats. 


b. Driving Schedule Range . The baseline SGL battery delivered 
a range of 54 ka (33 nl) In the “B** range test with a discharge energy of 
12.4 kWh. Battery capacity dropped by 19X when discharged at the higher 
acceleration power levels of the *'€** cycle and 52Z when tested with the Jet 
van on the “D” cycle. The aaxlaua range of the vehicle perfomlng “D** cycles 
was affected by this etrong relationship of energy capacity to power denand as 
shown In Table 5-3, as well as the vehicle's narglnal ability to satisfy the 
‘‘D“ accelerations with a fully charged battery. 


3. Electric Vehicle Associates, luc., Change-of-Pace Wagon 

a. Constant Speed Range . The baseline lead-acid battery (Varta 
P-125) produced a range of 73 kn (45 nl) at 40 ka/h (25 ni/h) and nanlfested a 
capacity of 14.0 kWh. Energy capacity of the battery In the 56 ka/h (35 al/h) 
range test dropped 13Z while the vehicle energy consuaptlon only Increased 62, 
denonstratlog the typical discharge rate sensitivity of lead-acid batteries. 
Interestingly, the vehicle energy consuaptlon rate at 72 ka/h (45 al/h) 
dropped slightly (see Section IV). But, the battery delivered less total 
energy for the 72 ka/b (43 al/h) range test and the resulting range was found 
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Battery figure of merit is the product of energy density and the battery’s recharge energy efficiency. 


to be S5 kn (34 mi). Table 5-4 auaMriies the constant speed and driving 
range results discussed in this section. 


b. Driving Schedule Range . The EVA vehicle was incapable of 
satisfying the acceleration required for the J227a "D" cycle; however the 
J227a "B" and "C" cycles were perforaed successfully. The Varta batteries 
discharged 13.6 kWh in the "B“ cycle range test, providing a range of 37 ko 
(23 ai). The J227a "C" range was 32 km (20 ai), and the energy capacity 
dropped by 21X relative to the "B" cycle tests. Table 5-4 also shows these 
cyclic test results. 

4* Battronic Truck Corp., Volta Pickup Truck 

a. Constant Speed Range . The Battronic vehicle with the 
baseline BSB EV-106 batteries produced consistent results during the constant 
speed tests. During repeat tests at 40 ka/h (25 ai/h), and 72 ka/h (45 ai/h) 
range varied by less than 0.2 ka in either case, with ranges of 78 km (48 ai) 
and 39 ka (24 ai), respectively. The energy capacity of the battery dropped 
by 31Z in the 72 ka/h (45 mi/h) cests coapared to the 40 km/h (25 ai/h) 
tests. Because the Battronic vehicle was unable to reach 88 ka/h (55 ai/h), 
this test was not conducted. Table 5-5 suaaariaes the constant speed test 
results. 


b. Driving Schedule Range . The sensitivity of the energy 
capacity to the power demand of the EV-106 battery was illustrated in the 
cyclic range tests. Energy density dropped by 33Z when tested on the J227a 

cycle relative to the J227a "B", with the resulting ranges of 47 ka (18 ai) 
and 29 ka (18 ai), respectively. The Battronic vehicle was unable to meet the 
acceleration requirement of the J227a "D" schedule. Table 5-5 suaaarizes the 
results of the cyclic tests. 
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Table 5-5. Baseline Test Results: Battronic Truck Corporation, Volta Pickup 

(Batteries', EV-106, Pb-A) 
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B. UPGRADE TEST RESULTS 


This ssctioa prlasrlly coatslns ths rssults of testing the upgrsde 
batteries in the SCT R-1 Electric. One of ths upgrsde bstterles underwent 
testing with the EVA Chsnge~of-Psce Wagon and those results are presented as 
well. 


As the prisMiry test vehicle, the SCT vehicle accuaulsted over 7500 ka 
(4660 ai) at JPL. The vehicle was delivered with only about 2500 ka (1553 ai) 
on the drivetrain and iaproved energy consuaption hecause of vehicle break-in 
was observed during the testing prograa. Figure 5-2 Illustrates this phenoaena 
in terns of average energy consuaption. Effects of break-in caused soae 
concern in that each of the upgrade batteries was not tested under the saae 
conditions (l.e., discharge power). Coaparisons are also coapllcated by the 
differences in battery systea voltage. These effects cannot easily be deduced 
fron the data to present a "nomalised** range for direct battery conparlson 
due to the sensitivity of battery perfonunce to current draand. Thus, the 
coaparisons of vehicle ranges and battery energy densities tdiich follow are 
accoaponled by coaparisons of the power requlrenents of the batteries to aid 
in the interpretation of the battery coaparisons %rlth the baseline condition. 

The results and coaparisons to the baseline lead-acid battery are 
presented for each upgrade battery in the following sections. 


1. Globe-Union Lead-Acid (EV2-13) 

Figure 5-3 shows the Globe-Union (G-U) battery as it was Installed 
in the SCT car. This battery produced a noticeable laproveaent over the 
baseline lead-acid (ESB XFV-23) in all tests, but exhibited a slightly higher 
decrease in energy capacity when tested at the higher power levels of the 88 
ka/h (55 ai/h) constant speed tests and J227a "D" driving schedules. For 
exaaple, the energy capacity dropped by 27Z in the 88 ka/h (55 ai/h) tests 
versus the 56 ka/h (35 al/h) tests. This drop exceeded that exhibited by the 
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baseline lead-acid battery in the aaae testa (24X)« Hmfcver, the apparent 
energy density was as such as 28X greater than the baseline battery in the 56 
kn/h (35 ai/h) tests, and 23X greater in the 88 kn/h (55 ai/h) tests. The 
power required froa the G-U was 16X less than the baseline lead-acid in the 56 
ka/h (35 ai/h) testa, but only 9X less in the 88 ka/h (55 ai/h) tests. 

Siailar results were obtained in the driving schedule range tests. The 
battery delivered 34 Wh/kg in the J227a *'B" cycle tests, 6X greater than the 
baseline though ^be average power requireaents differed by only 4X. Larger 
differences are observed «dien coaparing the energy densities exhibited by the 
Globe-Onion and baseline batteries in the J227a "D” schedule tests. The 
energy density of the Globe-Union battery was 34X greater than the baseline 
though the potfer requireaent differed by less than IX. Table 5-6 suaaarizea 
the SCT vehicle/Globe-Union battery results. 


2. Energy Research Corporation Nickel-Zfnc 

The Energy Research Corporation (ERC) battery and its charger are 
shown in Figure 5-4. This battery substantially increased the range of the 
SCT vehicle at 56 ka/h (35 ai/h) froa 131 ka (81.6 ai) to 195 ka (121 ai) in 
the early tests, but when tested at 88 ka/h (55 ai/h) the battery produced a 
negligible iaproveaent over the baseline lead-acid battery. The energy 
capacity of the ERC battery was evidently strongly dependent on the power 
deaand, as illustrated by the energy density drop of 37X for the 88 ka/h (55 
ai/h) tests versus the 56 ka/h (35 ai/h) tests. Coaparisons are coaplicated 
by the wide variation in test results caused by the rapidly declining battery 
capacity. 

Perforaance of the ERC nickel-zinc battery was initially coaparable to 
the baseline lead-acid in the driving schedule tests, producing a range of 
about 43 loB (27 ai) on the "D" schedule, with an energy density of 16 Hh/kg 
(7.3 Wh/lb). A later "D" cycle test resulted in a range of only 26 ka (16 ai) 
and an energy density less than 10 Wh/kg (4.5 Wh/lb), indicating that the 
battery was in a degraded condition. After investigating the constant speed 
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Figure 5-A, Energy Research Corporation Battery and Charger 


result! end the driving schedule tests, it uas apparent that the battery 
performance continuously declined throughout the testing program and the 
testing was terminated after 10 charge/discharge cycles. Table 5-7 
summarises the ERG results. 


3. Yardney, Inc. Nickel-Zinc 

The Yardney battery shown in Figure 5-S had substantially greater 
energy density than the baseline lead-acid and a relatively low sensitivity to 
power demand. Energy density dropped only AZ in the 88 km/h (55 mi/h) tests 
compared to the 56 km/h (35 mi/h) tests, whereas the Sideline lead-acid 
battery energy density decreased in comparable tests. The Yardney battery 
exhibited 38 Wh/kg in the 56 km/h (35 ml/h) test, 29Z greater than the 
baseline. The power requirement for the Yardney battery was 11% less than the 
baseline tests because of vehicle break-in characteristics. The results were 
more dramatic in the 88 km/h (55 ml/h) tests where there was a 63% difference 
in energy density with only a 10% lower power level required of the Yardney 
battery. 

Comparable performance was exhibited in the driving schedule range tests 
in which the Yardney battery demonstrated 25% and 67% greater energy densities 
than the baseline battery in the J227a ”B” and **0“ schedules, respectively. 
Average power requirements for the Yardney battery differed from the baseline 
battery by less than 11% in all the driving schedule tests. 

The Yardney battery exhibited a relatively short cycle life as did the 
ERG nickel-zinc battery. Though the battery completed the UDV testing program 
with no noticeable loss in performance, in-use tests with the SCT vehicle 
following several months of non-use resulted in reduced performance after 22 
charge/discharge cycles. Table 5-8 summarizes the results of the SCT 
vehicle /Yardney nickel-zinc battery tests. 

The Yardney nickel-zinc battery (80 cell configuration) was also tested 
with the EVA Change-of-Pace Wagon in range tests at 56 km/h (35 ml/h) and over 
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Table 5-7. Upgrade Test Results: South Coast Technology, R-1, Electric 

(Batteries; ERC, Nl-Zn) 
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Figure 5-5. Yardncy Battery and Charger 




Table 5-8. Upgrade Test Results: South Coast Technology, R-1, Electric 

(Batteries; Yardney, Ni-Zn) 
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the J227« *'B" tchedul*. DrtMtlc in rangn rneultnd, 68X at 56 la/h 

(35 nl/h) and 66% on tha **B** cyelaa aa conparad with tha xaapactiva rangaa 
achiavad in tha BVA baaalina taata. Tahla 5-9 ainniariaaa tha BVA/Tardnay 
xeaulta with tha Changa-of-Paca Hagon. 


4. Waatinghouaa Blactric Corp. lickal-Iron 

Tha Hastin^ousa battary (Figuxa 5-6 )» also showad substantial 
inciaasas in anargjr density over tha baaalina laad-aeid battary and relatively 
low sensitivity of energy density to power daaand* This nickel-iron battary 
exhibited only a 5% drop in energy danaity in tha 88 kn/h (55 ni/h) versus 56 
kn/h (35 ai/h) tests (conparad to a 2ML drop for tha baseline battary). 

Energy density for tha 56 kn/h (35 ni/h) testa was 31 Hh/kgy 5% greater than 
with the baseline. The battary daaonstratad a 30% greater energy density than 
the baseline in the 88 ka/h (55 ai/h) tastSi even though the average power 
required was only 11% less. 

Low energy capacity sensitivity to power denand was evident in the 
driving schedule tests also. The range of the 8CT vdiicle was increased to 
100 kn (62 ai) on the "B" cycle and 77 ha (48 ni) on the "D", representing 
increases relative to the 8CT baseline results of 31% and 83%, respectively. 
Table 5-10 sunnarises the SCT/flestin^ouse battery results. 


5. Upgrade Battery 8uMary 

In general, the upgrade batteries deaonstrated noteworthy 
iaproveaents in capacity when coapared to the baseline battery. Direct 
coaparisons are coaplicated by a nuaber of factors* 

(1) Various vehicles were used during the testing of the i^grade 
batteries, therefore the battery discharge rates were 
different for any given type of test. 


Table 5-9. Upgrade Test Results: Electric Vehicle Associates, Change-of-Pace 

(Batteries; Yardney, Ni-Zn) 
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(Batteries; Westlnghouse , Ni-Fe) 
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^Energy leaving the battery terminals • 

^Battery figure of merit is the product of energy density and the battery’s recharge energy efficiency. 

Estimated Data: Recharge energy was not measured at JPL, so these values are based on JPL’s measured Ah recharge 

efficiency data (67X) and ANL's recharge energy efficiency data (47Z) on Westinghouse cells 
from the same lot as JPL’s. 




(2) Th« poMtr nquireMDts for tho SCI R**! Bloctric docroooed 
•iBnifieontly vith ciao (aceuBuIotod ailoagf) boeouoo of 
lorgor than axpaetad diae braka drag (i.a.t braka drag 
loaaaa wan initially in axeaaa of 1*5 kW during taata vith 
tha baseline battery and gradually decayed about 0.7 kH when 
the Globe-Union and fardney batteries were tested). 

(3) The upgrade batteries benefited fro* having a higher systea 
voltage during the Schedule "D" tests. Both the baseline 
and the Globe-Union lead -acid batteries were not fully 
discharged during this Schedule "D" testing, as the tests 
were terainated froa a vehicle liaitation rather than a 
battery liaitation. Had these lead-acid battery systeas 
shared the saae higher noainal voltage, it is estiaated that 
they would exhibit a 15-25Z iaproveaent in energy density 
despite the lOZ increase in battery weight. 

To ainiaise the effects of testing with different vehicles, only those battery 
tests done in conjunction with the SCT R-1 Electric are suaaariaed here. 

Figures 5-7 and 5-8 depict the average range data for the SCT vehicle 
during constant velocity and driving schedule tests, respectively. The 
effects of vehicle break-in (naaely, disc-brakes) are readily observed by 
noting the battery discharge capacities (parenthetical nuabers) above each 
range bar in Figure 5-7. At 56 ka/b (35 ai/h) the Globe-Union, BRC, and 
Westinghouse batteries all exhibited capacities of 18.2^0.2 KWh, yet their 
ranges varied froa 165 las to 188 ka. Althou^ range values usually get a 
great deal of attention, they are not the best yardstick for coaparison in the 
context of this report. This is especially true for the Schedule **D" teats 
for the previously discussed reason. 

Despite the sbortcoaings of the range values, it can still be seen that 
the upgrade batteries exhibited greater capacity (range) than the baseline 
systeas, except for the ERC battery. With all of the test results, the ERC 


RANGE RANGE 



"S" CYCLES 


"D" CYCLES 


Figure 5-8. Range versus Battery, Driving Schedule Tests (SCT) 
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WESriNGHOUSE 1.*“ ffl I WESTtNGHOUSE 

























data la tha avaraga of aultipla taata. Howavatt baeauaa of tha abort cycla 
Ufa of thia battaryf capacity diffaraacaa froa rapaat taata trariad by alaoat 
a factor of two. Tha larga diffaraacaa ia capacity valuaa ara dua to tha fact 
that ovar tha briaf taat pariod tha capacity waat froa alaoat lOOX of ita 
rated capacity value to alightly laaa thaa 50Z. If oaly tha beat of tha BRC 
data had baaa praaaatad ia thaaa figuraa* tha BKC battery would be coaparabla 
to tha Waatiaghouaa battery ia diacharga capacityt but would be auparior ia 
aaargy daaaity baeauaa of ita lighter wai^t. 

A batter cowpariaoa of tha battariaa ia provided ia Piguraa 5-9 aad 
5-10. Tha coapariaoaa of aaargy daaaity factor out aay diffaraacaa 
attributable to tha varioua battery wei^ta aad ara laaa aaaaitiva to tha 
braak-ia affacta daaoaatratad by tha 8CT ear. Bvaa harct tha baaaliaa aad 
Globa-Unioa laad-acid battariaa are paaaliaad relative to tha aickal battariaa 
duriag tha Schedule "D" taata aa previoualy diacuaaad* 

With tha axcaptioa of tha qualifier for tha laad-acid battariecy tha 
energy danaity figurea ahow that all of tha battariaa daaonatrata rata 
(vehicle power daaand) aanaitivitiea to varying dagraaa. Yardnay'a Ni-Zn 
battery exhibited tha awalleat decline in capacity aa tha power raquirawanta 
incraaaad and the Waatinghouaa Ni-Fe battery alao parfonaad wall in thia 
aapect. A coaq>ariaon between tha range bar grapha and tha energy danaity bar 
grapha ahowa that the apparent iaq>raaaiva iaprovewenta by tha upgrade 
battariaa ahown in the range grapha ara partially negated by their incraaaad 
weight aa reflected in the apecific danaity grapha. 

In coaparing tha figurea for range (5-7 and 5-8) to the figurea for 
energy denaity (5-9 and 5-10), it becoaea apparent that the Weatinghouae Ni-Pe 
battery waa aubjected to the greateat weight penalty. Thia weight penalty ia 
in large part due to the auxiliary equipaent needed to operate thia battery* 

Aa previoualy indicated, JPL haa eatiaated the weight of tha electrolyte 
atorage tank and circulation equipaent to be 102 kg (224 Iba) and included 
thia weight in the deteraination of energy denaity. Baeauaa thia weight 
aaounta to 17Z of the total battery ayatea weight, a aiailar percentage 
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Figure 5-10. Battery Energy Density* Driving Schedule Tests (SCT) 























iaprovMwat in nnnrfy density would bo oxpoetod if the ouxiliory hordworo worn 
excluded froB ttie energy density eeleuletions. Rowever» it is unlikely thet 
the battery could operate without the external electrolyte reservoir because 
of the BiniBsl electrolyte storage capacity within each cell. It ie therefore 
concluded thet the weight of this auxiliary equipnent aust be factored into 
the energy density values presented herein. 

Two final figures ere shown to deswnstrete the iaportence of battery 
charge efficiency. Figures 5-11 end S-12 ere presented ee "battery figure~of- 
•erit" (for leek of e better tem) end were derived by aultiplying the energy 
density values by the recharge efficiency for each specific type of test. The 
intent in providing the figure»of-tMrit date is to deaonstrete that in sobs 
cases the iaproveaent in energy densityt relative to the baseline battery* is 
sccoBpenied by e penalty in recharge efficiency. In other worda* the 
increased sise in fuel tank capacity (providing a greater range) has a 
liBitation in that one auat use Bore expensive fuel (less efficient charging). 

When coid>ined with the energy density figures* the figure-of*wwrit data 
graphically highlights the effects of charge efficiency. The relatively good 
recharge efficiency of the nickel-sine batteries is evident* and the 
relatively poor charge efficiency for the nickel-iron battery resulted in this 
type of battery having a lower figure-of-«erit than the baseline battery. All 
of the recharge data reported here is peculiar to the range test process 
specified in the J-227a procedure and is not necessarily indicative of the 
charging efficiei^cies to be expected under nonaal operation. All of the 
batteries tested at JPL received considerable overcharge* either as a result 
of the J-227a procedure or at the battery sMnufacturer's direction. The aain 
eBphasis was to assure naxiauB and repeatable battery capacity. Recharge 
efficiency and battery life %Mre subordinated to the previowe paraBeters. 

All of the coaparisons in this section were under discharge conditions 
of fairly saooth dc. The 8CT R-1 Electric was the only vehicle in which all 
of the upgrade batteries were tested. This liaitation prevents any analysis 
of possible effects froa pulsed discharges or effects of significant levala of 
regenerative charging. 
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Figure 5-12. Battery "Flgure-of -Merit,** Driving Schedule Tests (SCT) 
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C0MCL08XOMS 

Thfi coBclutioDS pr«««nc«d h«r« art btttd toltly on tht vdilclt/bttttry 
totting of tht Upgrtdtd Vthiclta Took tod trt thtrtfott tubjoet to thott 
linitttlont. Difftrtnt typtt of ttatt undtr difftrtnt conditioot could «^tult 
in difftrtnt concluaiona. For txtnplt, oicktl-tine batttrita «ty dtsonatrttt 
i gretttr iaprovtntnta in eye It lift than othtr batttry typtt undtr ptrtitl 

i ditchtrgt condition# • 

' ( 1 ) Etch of tht upgradt batttrita txhibittd a notictablt iaprovanent in 

tntrgy donaity ''■onpartd to tht baatlint batttry. In tht coat of 
EEC* a nicktl-cinc batttry, thia inprovtatnt wat only diactmiblt 
in tht first few teata. 

(2) Micktl-tinc batttrita, diacuaatd in thia report, exhibittd good 

charge efficiency and good tntrgy density. They tufftred, however, 
fron very short cycle lift when configured as a full**tctle battery 
systen of the type needed to power EVs. 

' (3) The electrolyte nanageaent (circulation) systen of the Hestinghouse 

nickel-iron battery requires additional developntnt before being 
considered for installation in a vehicle. 

(4) Electrical conpatibility of the upgrade batteries with vehicles 
I exhibiting smooth discharge characteristics tod little regenerative 

charging capability is good. Except for a single test with the 
Yardoey nickel-sinc battery, none of the upgrade batteries were 
subjected to pulsed discharge. It is, therefore, inpossible to 
ntke any conclusions as to battery /vehicle conpatibility during 
pulsed operation. Conclusions on the acceptance of hi^ charge 
rates available during regenerative braking or a battery’s conpati- 
bility vith the vehicle under such conditions cannot be nade fron 
the tests described in this report. 
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(5) My b« a cMcarn for tlM nickol-iroa batcary* Tha larga 
quanticiaa of highly flasMbla gaaaoua affluanca during charging 
could poao a aarioua probloa if eonCainad within tha confinea of a 
typical garaga. Uaing tha Moufacturar'a racoMandad charging 
procadurci tha nickal-iron batcary gonarataa approsiMtaly 50 tiMa 
aa wuch hydrogan aa doaa tha Icad^acid bactary during charga. 
Gonaidaring tha broad flaBoability liait of hydrogan, tha potancial 
for a firo or an axploaion auat bo conaidarad a aarioua problaa 
unlaaa a Mtbod ia daualopad to raduca tha quantity of hydrogan 
ganaratad or to atora and/or convarC tha hydrogan into a fora 
which ia not haaardoua. 

(6) Although thraa of tha four wahiclaa wara aquippad with raganara* 
tiva braking capability, none of tha control ayatawa ratumad 
aignificant raganarativa anergy to tha battary. Tha two v^iclaa 
which added apacial circuitry Co anabla raganaratlon axhibitad tha 
laaat aaoiuit of anargy ratumad to tha battary bacauaa of other 
ayataw liaitationa. Bacauaa of tha omII quantity of mganarativa 
charging, it ia quaatiooabla if tha added controller coaplaxity ia 
juatifiad for thaaa apacific ayataw daaigna* 

(7) Bactary charging technology for tha upgrade battariaa and Co a 
laaaar dagraa, for tha baaalina battariaa ia not aa Mtura aa for 
tha battariaa diacuaaad in Chia report* During teating of the 
upgrade battariaa, it waa not unuaual for aoM of the bactary 
wanufacturara Co change charga algorithwa on a daily baaia* 

(8) Syatao level engineering waa acarca in tha vahiclaa teated in thia 
prograo. Bacauaa of thia liaiCatioo, aoaa of the attributaa of 
the iaprovad coMonanta, particularly controllara, wara negated by 
tha character Utica of tha other vdiicla aubayataaa* 
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RBCOMfBMDATlONS 


Th« Intent of thn tnnt progma, docuanntnd hnrnln* «nt to dotoniloo which 
wohieloo and hnttory oyotoM oxhlbitod npproprinto lowolo of onfoty, rollnbllity, 
porforanneo* nnd oporntinf coot bonoflto for a algnlf leant EV procuraaant (200 
vahlclaa) to bo daployad in tha Tachnology OoBonotratlon Prograa. Although 
aoat of tha ayataas taatad by JPL aatlaflad at laaat ona of tha nbova crltarla, 
nona of thaa aatlalfad all four. Aa auch, la Saptaabar of 1979, JPL racoaaandad 
that tha DOB dafar tha 200 vahlcla procuraaant (with upgrade battarlaa) for 
10 aontha. Purtharaora, aoaa apaclflc actlvltlaa ware racoaaandad In conjunc- 
tion with tha 10 aonth dafarral. 

Tooting waa Incoaplate at tha tlaa the above aantlonad raccaaandatlooa 
ware aada. Tharafora, tha following raconaandatlona are aora axtanalva than 
thooa Initially aada: 

(1) Tha nlckal-alnc battarlaa taatad at JPL daaonatratad inaufflclant 
cycle life whan configured aa a coaplata BV battery. It la racoa- 
aandad that vahlcla ayataa level taatlng of thaaa battarlaa be 
directed toward obtaining angluaarlng data to Identify batcary/ 
vehicle coapatlblllty probleaa. Until laprovad cycle life la 
attained at tha cell level, tha Integration of aora than a few 
nlckal-xlnc battarlaa into vahlclaa la not warranted. 

(2) Tha Weatlnghouae nickel-iron battery ahowa potential for extending 
vehicle range and perforaance. Conaldarable effort la needed, 
however, to laprova tha electrolyte circulation ayataa before thla 
battery can be cooaldcrad aultabla for Inetallatlon within a 
vehicle. It la recoaaended that additional work be done on the 
electrolyte circulation ayatea, with eaphaala being placed on the 
aafe handling of the relatively large quantity of hydrogen generated 
during charge. 


(3) T«ats to avaluata tha affaeta of pulaad diaeharga aod raganaratlve 
charging oa tha nlckal battariaa vara pracludad hy althar tha 
charactarlatlca of tha vahlela wad to tost tha hattarlaa or tha 
abort Ufa of tha hattary Itaalf. It la tharafora racoBaaodad that 

* 

thaaa paraaatera ha eharactarlaad on full-acala (vahlela alaa) 
hattary ayatana* 

» 

(4) Vahlela llaltationa alao pracludad an analyala of tha banaflta of 
regenerative braking. A vehicle ayatea ahould be developed to 
allow theae effecta to be analyaed. The aafety lapllcatlona of 
reatrictlng braking action to only two wheela through regeneration 
ahould alao be evaluated. 

1 

(5) Inforaatlon on battery charging la alnoat nonexistent. Because i 

charging algorithms may have a significant effect on battery life, 
efficiency, and safety. It Is recommended that development of 
charging strategy be incorporated Into the battery development 

programs. 1 

! 

I 

(6) Many of the upgraded features of the 2x4 Vehicles failed to per- 
form as intended because of limitations or Interactions of other 
vehicle components. It Is recommended that optimisation of coa- 

' ponents or subsystems not be attempted without first determining 

If these Improvements are compatible with the rest of the vehicle 
^ and that the optimised component does not have a negative effect 

on the remainder of the vehicle system. 
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APPENDIX B 


JPL STANDARDIZED J-227a DRIVING SCHEDULES 
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Initial tnats of oloetrie vohiclon (BVt) at JPL'a Autoaotiva Baaaarch 
Facility ravaalad a eonaidarabla dagraa of taat~to-taat variability baeauaa of 
tha non-apacifieity of tha widely uaad SAB ItcoaMndad Taat Procadura* 
Convaraationa with varioua IF aanufacturara indicated that interpretation of 
tha driving achednlaa varied aignificantly throa^out tha BV induatry. 

Bacaoaa one of JPL'a taaka waa to evaluate iapisvad hattariaa, it bacaM 
iwparativa that all undaairad variahlaa ha aintBiaad to prevent tha 
poaaihility of Making tha daairad battery cowpariaona. To aaaura raaaonahla 
taat praciaion and to allow fair coapariaona of thaaa battariaai tha need to 
"atandardiaa" tha driving achednlaa waa a praraquiaita to taat initiation. 
Definition of apacific valocity-tiM profilaa for each of tha J-227a driving 
achednlaa ware aatabliahad uaing tha following haaic critariat 

(1) Driving profilaa ahould aatiafy tha latter of tha J>227a 
proceduraa. 

(2) Profilaa ahould raflact what tha "avaraga" drivar would axpact to 
aaa aa JPL could heat identify froa other aatabliahad teat 
achadulaa and DOB aponaorad aurvaya of EV uaera. 

(3) Tha aalactad profile ahould not apacifically penal iaa a given BV 
daaign (i.a. raaonahla lavala of raganaration ahould ha allowed.) 

In foraulating thaaa JPL "atandardisad" driving profilaa » it waa 
recogniaad that their charactariatica My not Mat with wide accaptanca in tha 
BT taat eoMunity. Thera waa no attaap^* iapliad or otharwiaa« to infer that 
any other vara ion of thaaa eye lea waa inferior. Thaaa eye lea ware iwplaMntad 
internal to JPL aolaly to oiiniaiiaa taat'^to-taat and drivar-to-drivar 
variability within JPL'a BV taat progrM. One of tha criteria uaad in 
refining tha J-227a profilaa waa to equate it to the "average" drivart hut tha 
raanlting profilaa do not raflact "average" driving. Tha opening atatOMnta 
in tha SAB procedure indicataa that tha driving achadulaa ware foraulatad only 
to provide a haaia for coaqwiriaon and ware not daaignad to ha indicative of 
how people actually drive. Tha '"how people actually drive" criterion waa uaad 
to taapar JPL'a interpretation of tha haaic J»227a procedure; not to Mdify 
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it. Coapartd to tttt rtaulta obtained whan uaiog the Bnvironaantal Protection 
Agency* e (SPA) urban driving acbedule, delineated in the federal Test 
Procedure (FTP), ell of the J-227e driving echedulea provide optiaietic range 
(battery capacity) and energy econoay teat teaulta. 

What followa ia a preaentation of the "atandardiaed" J-227a driving 
achedulea uaed at JPL and brief diacuaaion of the rationale uaed in defining 
each aegpent within thea. With the exception of the aplit between "coaat” and 
"brake" in the achedule "D" cycle, the J->227a apecificationa of tiae veraua 
apeed reaMin aa detailed by the SAB. 


"B** and *\;** SCHBPULES 


e Accelerationa - The accelerationa are an average of the acceleration 
profilea uaed in the FTP'a urban driving cycle noraaliaed to the 
appropriate tiae conatrainta of the J227a. Thia cloaely approxiaatea a 
conatant power acceleration. The priaary reaaon for chooaing thia 
particular acceleration profile ia that it repreaenta how conauaera 
operate their vehiclea. 

e Cruiae - Cruiae ia a conatant apeed operation at whatever apeed and for 
whatever duration apecified in the J227a. 

e Coast - The general conaenaua, during diacuaaiona, waa that electric 
vehiclea ahould coaat at a rate about equal to that of conventional 
cara. Therefore, the "coaat" appearing in the attachnenta reflecta thia 
thinking. 

a Brake - The beginning of thia phaae of the driving achedulea ia 

controlled by the teminal velocity of the "coaat" becauae the end point 
of the "brake" ia also fixed (aaauaiing a linear deceleration rate). 
Increaaing the velocity at which braking ia initiated (aa waa done by 
uaing a coast rate equal to that fron conventional vehicles) dictates 
higher deceleration rates because the braking interval does not change. 
The aodifications to braking, iaposed by the changes in "coast", have 
been incorporated in the attached details of the "B" and *Y:" schedules. 
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»«n»« ftcrnmnut 


Tb« MitcUd ”D" adicdttU it tuaMrittd btlow. Folloving tht tuBBtry it t 
ditcuttioD of tbt contidtntioDt tad ratioMU iBtding co tht "eottt-brtkt" 
portion for the "D" cyclt. 

• Acctlerttion - 8tBt tt in *'B” tnd Schtdultt Above* 
o Cruite - Saba tt in "B” end *\*'* SchAdulnt* 

A CoAtC - CoAtting will bo done tt a rnte Agunl to thtt for t convAntiontl 
vohiclA (i.A. the aaba criterion uted for **B" end eyelet.) However, 
the coAtt tine tpecified by the J-227a will be reduced epproxiBttely 3 
tecondt. Tbit reduction will be uted to extend the brtkiog by en equel 
increaent (thut keeping the totel coett-breke tine the taae tt celled 
out in the J-227t). Thit ellowt the broking deceleretion rate to be 
lett then the 3.3 ai/h/t BexiauB rate. Coatt duration will arbitrarily 
be liaited to the cloaett whole aecond whidi yielda a brake deceleration 
rate of 3.3 Bi/h/t or lett* 

e Brake - Uting the above "coatt** philotopby, braking will occur at a 

deceleration rate of 3.17 Bi/b/t. In the aaBO Banner at for the **B" and 
'*C** eyelet, braking it tpecified at a linear rate until the vehicle 
coaet to a coaplete atop. Thete changet are reflected in the attached 
**D" Schedulet. 

The "coatt 'brake*' achedule waa arrived at after the following thought 
procettea* The baaic probleB wat at followtt 

(1) If the taae coatt criterion at adopted for the "B" and **C" eyelet 
it enployed for the **D" cycle then the rate of braking exceeda the 
3.3 ai/h/e Unit, (Vote that the 3.3 ai/h/a it aoaewhat arbitrary, 
but aore on that later) or the total brake tiae it longer chan 
alloued by J'227a if the 3.3 ai/h/a liait it obterved. 


(2) Obiarvlng the 3.3 «l/h/s Halt leede to either e ehortened eoeet | 

tlae or e coeet deceleretlon rete greeter then choeen for the **B" 
and "C" cyclee and greater than that obaervad for conventional 
vehlclea. 

A eelf ‘lapoaed , aexlaua braking rate of 3.3 al/h/s haa been eaauaed. It 
la believed that thla la the aaae Halt adopted by the SPA for the Federal 
Teat Procedure and aay reflect dynaaoaeter llaltatlona. A aodeat effort waa 
aade to verify thla aasuaptlon, but waa unaucceaaful. However it la clear chat 
3.3 al/h/a la not derived froa a conalderatloa of driver coafort and la nowhere 
near to the onaet of akld of a vehicle. Katea aoaewhat higher, approxiaately 
5 al/h/a can be uaed on the dynaaoaeter, but above that Halt there la a 
problea with tire allppage on the dyno rolla* 

Between General Mocora, Ford and Chryaler, at leaat ten aeparate track 
teat procedurea exlat. Although theae procedurea are uaually not uaed for 
dynaaoaeter teatlng, they do provide aoae guidance on "coaat" and "brake**. I 

Coaat la defined In all theae procedurea aa cloaed throttle (CT) and typically 
la alaply regarded aa part of the braking protlon of the procedure. Braking 
la alwaya done linearly, at leaat for the procedurea reviewed, unleaa it la a 
foot off the brake and foot off the throttle deceleration. Moat of the proce** 
durea uae multiple braking ratea; the hlgheat being 6.8 ml/h/a In the Ford 
Suburban cycle, and the aloweat being 0.7 ml/h/s for the Cryaler Interatate 
cycle. The average braking rate for all ten cyclea la 2.8 ni/h/a which la 
conalderably leaa than the 3.3 ml/h/a maximum propoaed here. 

Another SAE Procedure for fuel economy meaaurementa apeclfled all braking 
to be at linear rate of approximately 2.7 ml/h/s. The rationale for SAE 'a rate 
la based on a survey of actual braking rates In five major cities. Average 
braking, as reported by the survey. Is a function of vehicle speed and varies 
from less than 1 mi/h/s at A5 ml/h to 3.5 ml/h/s at 8 ml/h. 

All of the well known dynamometer procedures are for the purpose of 
exhaust emission testing. The highest, braking rate Is 3.4 ml/h/s In the 
European cycle which Is only slightly faster than the 3.3 ml/h/s found In the 
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F«d«r«l Tmc Proecdurt* Tht avtr«g« braking rata for thaaa alx dyno procaduraa 
la 3*1 al/h/a* 

All of tha abort loads to tba conelnoloa that a braka doeolaratlon rata 
of 3*3 al/b/a la a raaaoaabla ona to ehoooa and tha rata of 4.11 al/h/a lapllad 
for tha **D" eyela waa too high* A 3.3 al/h/a rata la In raaaonablo agroanont 
with what eonannara raalljr uaa and falla within tha ranga of rataa uaad In 
othar dynawoawtar procaduraa. 


TIm - 8p«ed Tabl«« 


SclMdttl* **B** 


Tlat 

(•ec) 

Speed 

(«i/h) 

Tias 

(see) 

Speed 

(■i/h) 

Tiae 

(sec) 

Speed 

(ai/h) 

0 

0.00 

21 

20.00 

51 

0.00 

1 

1.67 

22 

20.00 

52 

0.00 

2 

3.35 

* 


\ 


3 

5.03 

I 

I 

I 

I 

4 

6.71 

♦ 

♦ 

♦ 

♦ 

5 

8.28 

36 

20.00 

70 

0.00 

6 

9.78 

37 

20.00 

71 

0.00 

7 

11.06 

38* 

20.00 

72* 

Bepest Cycle 

8 

12.28 

39 

19.20 


starting at 

9 

13.40 

40 

18.60 


0 sec 

10 

14.43 

41 

18.20 



11 

15.36 

42* 

18.00 



12 

16.20 

43 

14.40 



13 

16.97 

44 

10.80 



14 

17.65 

45 

7.20 



15 

18.26 

46* 

3.60 



16 

18.80 

47 

0.00 



17 

19.26 

48 

0.00 



18 

19.66 

49 

0.00 



19* 

20.00 

50 

0.00 



20 

20.00 





*Denotc* 
cruise » 

trensition points fron one aode to another (i.e. accelen 
etc. ) 

ition to 



TIMf. Mc 


Figure B-1. SAE J227a Driving Schedule “B" 
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Schedule C 


2.65 
5.31 
7.97 
10.60 
13.05 
15.28 
17.33 
19.18 
20.89 
22.43 
23.83 
25.08 
26.21 
27.20 
28.07 
28.82 
29.45 

30.00 

30.00 

30.00 


1.00 

54 

2. 

A 

55* 

0. 

I 

56 

0. 

f 

57 

0. 

1.00 

58 

0. 

1.00 

59 

0. 


2 

28.45 

27.89 

27.40 

26.98 

26.59 

26.27 

26.00 

23.11 

20.22 

17.33 

14.44 

11.56 

8.67 

5.78 


*DenoCee Crencicioa pointe fron one mode to enother (i.e. ecceleretloo to 
cniiee etc.) 


T(M{, MC 


Figure B-2. SAE J227a Driving Schedule “C 








8ch«dul« 



*Omot«s tranaicioB point* fro* on* aod* to another (i.*« *cc«l*r*tion to 
crulao, ate.) 



0 IO»M40IOM7e 


Figure B-3* SAE J227e Driving Schedule *'D" 
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APPENDIX C 


JPL VEBICLE/BATTERT SPECIFICATIONS AND TEST RESULTS 
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BATTIOnC TUCK 

VOLTA vicnr 

(Bat Truck) 


a Vahlcla Hanufacturarx 

Battronic Truck Corporation 
Third and Walnut Straata 
Boyar town, Pannaylranla 19512 

a Vahlcla Daacrlptlont 

Cuatoa two-door Utility Truck Body, built froa tha ground up by 
Boyartown Auto Body Worka 


Vahlcla Walght: 


Curb Walght 

2268 

kg (3000 lb) 

Groaa Waltht 

2631 

kg (5800 lb) 

Dyno Taac Walght 

2608 

kg (5730 lb) 

Vahlcla Sltat 



Whaalbaaa 

2.49 

a (98 In.) 

Langth 

4.14 

a (163 In.) 

Width 

1.92 

a (76 In.) 

Haight 

1.93 

a (76 In.) 

Cargo Voluno 

1.61 

w? (57 ft^) 


a Tlraa : 

Modal Flraatona P22S/7SR1S 

Typa 721 Staal-Baltad kadlal 


BAmOMIC nVCR (Coat’d) 


o Tranmloaloa: 


Slagla Spood pluo Manual Ovardrlva* 
(roar wheal drlua) 


a Propulsion Motor: 

Model 

Type 

Voltage Bating 
Peak Rated Power 


General Blectrlc 5BT-2366C10 
DC Traction - Series Wound 
1A4 V 

24 kW (32 hp) 


e Motor Controller, with regeneration capability: 

Model Cablefom Pulsonatlc Mark 10 

Type SCR 

Voltage Rating 144 V 

Maxlnua Current Rating 450 A 


e Test Termination Criteria (Vehicle or other): 


Inability of vehicle to maintain specified test speed within 5Z, or 
Inability of vehicle to accelerate fast enough to reach the speci- 
fied cruise speed within two seconds of the specified time for J227a 
cycle tests, or 

Any other condition which may be deleterious to the vehicle or battery. 

e Propulsion Battery (Baseline Tests): 

Model ESB (formerly Bxlde) EV-106 

Type Lead-Acid 

Quantity 24 ea 6-V modules 


*Gear changes only permitted when vehicle not in motion. 
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BAXnOMIC TUCK (Coat'd) 


lotod Copasity 132*5 Ah at 75 A (125 Ah at 75 A)^ 

Noalnal Syataa Voltaga 14A V 

Syataa Weight 686 kg (1512 Ib)^ 

a Teat Tanlnatlon Criteria (Baaaliaa Battery): 

Battery Voltage fella below 1*3 V/cell* 


^*Downratad by Bxide subsequent to JPL test* 
^Based on battery nodule weight only* 
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ELECTRIC VEHICLE A880CUTB8 <EVA) 
CRAMSE-OP-PACE 
(EVA PACER) 

(BVAP) 


• Vehicle Nenufecturer: 

Electric Vehicle Associates 
9100 Bank Street 
Cleveland, Ohio 41125 

e Vehicle Description: 

Converted 1978 AMC Pacer Station Wagon 

e Vehicle Weight: 


Curb Weight 

1996 

kg (4400 lb) 

Gross Weight 

2268 

kg (5000 lb) 

Dyno Test Weight 

2268 

kg (5000 lb) 

Vehicle Size: 



Wheelbase 

2.54 

a (100 in.) 

Length 

4.49 

■ (177 In.) 

Width 

1.95 

a (77 in.) 

Height 

NA 


Cargo Voluoe 

1.42 

a^ (50.4 £t^) 


e Tires : 

Model Plrestone P195/7S/R14 

Type Steel-Belted Radial 
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m »ACn <Ceat*4) 


Traamlstlon: 


ThrM-8p««4 AutoMtie with lock-up torqua eoavartar (rMr-whaal 
drlva) 

Propulsion Motor: 


Modal 


lallaaea 


Voltaga 

Paak latod Powar 

Continuoua Bated Powar 


DC Traction, Saparataly Bxeltad, Cowpound 
120 V 

22.4 kV <30 hp) 

13.4 kN (18 hp) 


Motor Controller (araatura and field) with Baganaratlon Capability: 

Modal Cablafom, Pulsowatle Mark 10 

Type 8CB (aiwatura) and Tranalatar (field) 

Voltage Bating 144 V 

Maxlwim Currant Bating 340 A 


Teat Tarwlnatlon Criteria (Vahlcla or Other): 

Inability of vahlcla to walntaln apaelflad teat apaed within SZ, 
or 

Inability of vahlcla to acealarata feat enough to roach the apod- 
fled crulaa apead within 2 a of the apaelflad tlwa for J227a 
cyclic teats, or 

Any other condition idileh way bo dalatarloua to the vehicle or 
battery. 


BVA PACBR (Coat'd) 


• Propulsion Battery (Basellno Testa): 


Hodel 


Verte P-125 


Type 

Quantity 
Bated Capacity 
Noolnal Systea Voltage 
System Weight 


Lead-Acid 

20 ea 6-V Bodules 

160 Ah at C/3 or 156 Ah at 75 A 

120 V 

572 kg (1260 Ib)^ 


e Test Teralnatlon Crltlerla (Baseline Battery): 


Battery voltage falls below 1*3 V cell 


e Propulsion Battery (Tardney Nl-Zn); 


Hodel 

Type 

Quantity 
Bated Capacity 
Nominal System Voltage 
Systea Height 


Tardney 
Nlckel-Zlnc 
80 ea 1.625-V cells 
250 Ah at C/3 (83 A) 
130 V 

599 kg (1320 lb)® 


e Test Teralnatlon Criteria (Tardney Battery): 


Battery voltage falls below 1.3 V/cell when current Is shove 83 A, or 
Battery voltage falls below 1*25 V/cell when current Is below 83 A* 

Note - Unless otherwise Indicated, all range (battery discharge) 
tests were conducted within 1 hour of charge termination* 

If testing could not be started within 1 hour of charge 
termination, the battery received a top-off charge to 
compensate for self-discharge* 


*^Battery tielght only, excludes 18 kg (40 lb) of cables for nodule Inter- 
connections . 

*Based on average weight of 3 each, 4-cell nodules Including cell Inter- 
connections and hardware holding the 4-cell module together* 
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JET XMDOSTtZBS 
BLBCm VAX 600 
(J«t V«n) 


• Vehicle Mamifactur«rt 

J«t IndustrlM* Inc 
7101 Burl«son Road 
Austin, Taiuis 78760 

• Vnhlcla OMcrlptlon: 

Convartad Fuji Mini Van (Subaru 600 Mini Van) 

a Vahicla Walght: 

Curb Walght 1270 kg (2800 lb) 

Gross Walght 1542 kg (3400 lb) 

Test Walght 1531 kg (3375 lb) 

a Vahicla Slza: 

Whaalbaaa 
Langth 
Width 
Haight 

Cargo Volune 

a liras: 

Modal Pi rain • 155 8812 

Type Staal*'Balted Radial 

a Tranaalssloo: 

Pour'^paad aanual tranaaxla (raar uhaal drlva) 


1.83 a (72 In.) 
3.43 a (135 In.) 
1.40 a (55 In.) 
1.59 a (62 in.) 
2.14 a^ (75.6 ft^) 
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JR fAR (Ceat'4) 


• Fropttltloa Motor t 

Prootollto Mo4ol NEC 
OC Troetloa, Sorloo Wottod 
102 ▼ 

a HI (28 tip) 

PoMor Wl 


Medol 

Typ« 

Poltot* totlat 

Pook lotod Powor 
Contlmiotto latod 


o Motor Controaor, no rognnorotion copoblllty: 

Modol Gonornl llnctrle R-1 

Typo set 

foltog* Intlnt 102 ▼ 

Mulnia Curroot Intlog 530 A 

o Toot Toninotloa Crltorlo (fohlclo and otlior)t 

laablllty of vohlelo to aalatola opoclflod toot opood vithln SI. or 
ZaablUty of oohlelo to occoloroto foot oaougb to rooeb tbo opoet- 
flod eruloo opood wltbla 2 o of tbo opoclflod tlao for J227o cyclic 
tooto. or 

Aay otbor condition which My bo dolotorlouo to tbo vohlclo or bat* 
tory. 




JET VAH (C<mt*d) 


• Propulsion Battery (Baseline Tests): 

Hodel 
Quantity 
Type 

Bcted Capacity 
Nominal System Voltage 
System Height 

e Test Termination Criteria (Baseline Battery): 

Battery voltage falls below 1.3 V/cell* 


S6L 211GC-HC 
17 ea 6-V modulea 
lead-acid 

138 Ah at C/3 (46 A) 
102 V 

524 kg (1156 Ib)^ 


^Baaed on weight of battery modules only. 
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• CU^NfUTt 


SOUTH COAST TECHNOLOGY (SCT) 
R-1 ELECTRIC 
(SCT-RABBIT) 

(SCT-1) 

• Vehicle Manufacturer: 

South Coast Technology, Inc. 

15001 Commerce Drive 
Dearborn, Michigan 48120 

• Vehicle Description: 

Converted 1978 Volkswagen Rabbit 

• Vehicle Height: 


Curb Height 

1424 kg (3140 lb) 

Gross Height 

1633 kg (3600 lb) 

Dyno Test Height 

1644 kg (3625 lb) 

Vehicle Size: 

Hheelbase 

2.4 m (94.5 In.) 

Length 

3.9 m (155 In.) 

Hldth 

1.6 m (63.4 In.) 

Height 

1.4 m (55.5 In.) 

Cargo Volume 

NA 


• Tires: 

Model Continental 175/70 SR13 

Type Steel-belted Radial 
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SCT-1 (Cont*d) 


TranralMion: 


Four-speed Msnusl Trensezle (front wheel drive) 


Propulsion Motor: 

Motor 

Type 

Voltage Rating 
Peak Rated Power 
Continuous Rated Power 


Sleaens 1GR1-161Z 

DC Traction, Separately Excited 

130 V 

35 Uf (45.6 hp) 

17 kW (22.8 hp) 


Motor Controller (field only) with Regeneration Capahlllty: 


Model 

Type 

Voltage Rating 
Mazlaun Current Rating 


EHV Systews, EHV-1 
Translator (field only) 

108 V nowinal 

300 A (araature), 25 A (field chopper) 


Test Temlnation Criteria (Vehicle and other): 


Inability of vehicle to nalntain specified test speed within SZ, or 
Inability of vehicle to accelerate fast enough to reach the speci- 
fied cruise speed within 2 s of the specified tine for J227a 
cyclic tests, or 

Any other condition which nay be deleterious to the vehicle or 
battery. 
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SCT-1 (Cont’d) 




Propulsion Battery (Baseline 
Model 


tests): 

ESB (Exlde) EV-130* 


Type 

Quantity 
Rated Capacity 
Noainal Systea Voltage 
Systea Weight 


Lead-Acid 
18 ea 6-V aodules 
162.5 Ah at 75 A^ 
108 V 

514 kg (1134 Ib)^ 


e Test Teraination Criteria (baseline battery): 


Battery Voltage falls below 1.3 V/ cell. 


Note - After test #63 SCT-1 was aodified by changing the aotor and 
transalssion, at which tiae it was redesignated as SCT-IA 


e Propulsion Battery (Yardney Nl-Zn): 


Model 

Type 

Quantity 
Rated Capacity 
Noainal Systea Voltage 
Systea Weight 


Yardney 
Nickel-Zinc 
72 ea 1.625-V cells 
250 Ah at C/3 (83 A) 
119 V 

539 kg (1188 Ib)^ 




^Later designated XPV-23. 

^Later downrated to 155 Ah at 75 A 
^Based on battery aodule weight only. 

■^Based on average weight of 3 each 4-cell aodules including cell inter- 
connections and hardware holding the 4-cell aodule together. 
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SCT-1 (Coat'd) 


• Teat Taralnatlon Criteria (Tardney Battary): 


Battery Voltage falla below 1.3 V/cell when current le above 83 A, 
or 

Battery Voltage falls below 1.25 V/cell when current Is below 83 A. 


Note - Unless otherwise Indicated, all range (battery discharge) 
tests were conducted within 1 hour of charge termination. 
If testing could not be started within 1 hour of charge 
termination, the battery received a top-off charge to 
compensate for self-discharge. 

e Propulsion Battery (BRC Nl-Zn): 


Model 

Type 

Quantity 
Rated Capacity 
Nominal System Voltage 
System Weight 


Energy Research Corp, NlZn 
Nlckel-Zlnc 
66 ea. 1.625-V cells 
250 Ah at C/3 (83 A) 

108 V 

561 kg (1236 16)*^ 


e Test Temlnatlon Criteria (ERC Battery): 


Battery Voltage falls below 1 V/cell. 


Note - Unless otherwise indicated, all range (battery discharge) 
tests were conducted within 1 hour of charge temlnatlon. 
If testing could not be started within 1 hour of charge 
temlnatlon, the battery received a top-off charge to 
compensate for self -discharge. 


^Based on the weight of one of the six each 11-cell nodules. Including all 
cell Interconnects and hardware holding the 11-cell string together. Weight of 
the nodule interconnects are excluded. 
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SCT-1 (Cont'd) 


• Propulsion Battery (Weatlnghouaa Nl-Fa) 


Model 

Type 

Quantity 
Rated Capacity 
Nominal System Voltage 
System Weight 


Westlnghouse Nl-Fe 
Nickel-Iron 
90 ea 1.33-V cells 
220 Ah at 75 A 
120 V 

590 kg (1300 Ib)^ 


e Test Termination Criteria (Westlnghouse Battery): 

Battery Voltage falls below 1.0 V/cell, or 

Various cell voltage criteria established by on-slte Westlnghouse 
representative, none of which tiere below the average battery 
voltage equivalent to 1.0 V/cell. 


Note - Unless otherwise Indicated, all range (battery discharge) 
tests were conducted within 15-20 minutes of charge 
termination. 


^Battery system weight is based on the measured weight of 10 cells and an 
estimated weight for an electrolyte management system which Includes: hoses, 

circulation pump, electrolyte storage tank and 40 liters of stored electro- 
lyte. These estimated weights are based on weights of a system shipped to JPL 
In January 1981. 


C-23 


SOUTH COAST TfCHNOLOOY (SCD 
S-1 SUCTMC 
(SCT-fUSOm 
(SCT-11 



1 

1 

1 

« 

1 

1 

? 

• 

VIM OATt 

OS/M/TO 

OI/tMTt 

Of/l|/TI 

fl/SA/TO 


SS/Sf/?f 

U/t|/f« 

•l/ll/TO 

TUT T¥S| 

1|Mn 

IfNill 


IfUlN 

null* 

0 

IMAM 

0 

•ATTIIT TTOf 

M*A 

M«A 

IS«A 

M*A 

UwA 

IS«A 

U*A 

U«A 

MTTIIf 

|«»110 

IV«|10 

iv»tss 

IVwllO 

lv»tlo 

C«*IIS 

lV*|St 

r««iio 


MTTCtV |i«MV 
ICONOM C^I/miiO 


IliMtl C«KIS) 


MTTC»Y OIICHiNSC 
C«CMV (R«iO 


IHCMV CMMlO 


l<*|t lUM 

A.Ot O.Ot 


It.li tf.M «.0« tS.il 


iNfiSV (t) 



CONtNOtkCI 
|P»1CII*»C* Cl) 


fi.j n.o f?.i ««•§ M,i 


000*N.H« 
■l«Dl»iS (XKlt) 


flll.O IITI.l tiU.O IMI.l llll.i flM.i 


liTTIlT aiCMlMI 


CMCMf ffficiiNevd) 


so.u 

M.M 

•A.U 

II. Tl 

II. Tl 

M.tl 

It.Tl 

Ail^ClIAtl IMICUmCVCI) 

T«.l 

M.l 

Tl.l 

• l.A 

•l.« 

Tl.l 

U.l 

T«.l 


•If oil (Oil n 

•rf.l 

Tl.l 

Tl.l 

Tl.l 

Tl.l 

Tl.l 

Tl.l 

Tl.l 

lATTUv TtMO. 

ATTM (Oil 1) 


M.* 

fO.T 

•l.l 

Tl.l 

Tl.l 


u.i 


• rO**«CMT| 

VIST MO. II iMViLin Tilf. HAS Mtll I MO mOTO* 00 mqT MP 0 «T 


T||T WO. II iMVALiM tAMVl *MT« mil Tl>Ci AMO |A0 MQTO* 00 wOT HOOIT 
Tflf wn, II nmilwit TlwU • MIW WOTM 
f|lf 40. tl nilTAwei IOMmaTIO 


w 


•CT-1 iCom'tf) 


Tttf MU«lt|«S 

% 

10 

II 

It 

II 

11 

19 

10 

TItT OAtl 

Bl/t%/7« 

OA/IB/70 

01/10/70 

00/t|/?0 

Ol/ti/70 


00/17/70 

07/00/70 

TCtT tm 

IfMM 

i 

»*MM 

lOMR 

RfR 

0 

99MR 

I9MRM 

MTfUf TfPt 

RR*A 

Ri»A 

Ml*|M 

N|*|li 

RO-A 

Rl-IR 

N|*|N 

R|a|N 

MftCAf 

ivlAu 

|V*|A0 

IRC 

IRC 

IV*|A0 

INC 

IRC 

IRC 

•AftCMf iMCMtf 
ICuMonv cni/AMMl 

%.n 

A.OO 

I.OI 

»•»# 

t.M 

t.ot 

1.71 

9.tl 

■ AHfC CNUltl 

••.A 


•0.0 

ItUl 

10.0 

to.o 

17. t 

01.1 

• ATTCMV OIKMAAM 
IMCN6T (RAM) 

IB.DI 

I0.B7 

It. 71 

il.7 

1.07 

o.ll 

o.ot 

10.0 

•ATTCAT RItCN. 
iMCNftV (HmM) 

O.Ql 

O.AI 

0.01 

0.01 

O.ll 

o.ll 

u.bt 

O.ci 

•ATTCMT ttSfN. 
fMCAb? (t) 

W.OR 

«.oo 

0.00 

0.0 

1.00 

I.OI 

o.to 

0.0 







mmmmmmmmmmrnm 

mmmmmmmmmmrnm 


• ATTINV UlKNAHM 
(AM • NOUMS) 

lAT.R 

R.A. 

IIS.O 

tio.i 

90.0 

00.1 

lOtf.l 

170.1 

•ATTfAT MftftN. 
(AM • MOUMS) 

0.0 

0.1 

0.0 

0*0 

0.0 

0.0 

0.0 

0.0 

•ATTCNT HfMN. 
AMIAASI (t) 

0.0 

*0.0 

0.0 

0.0 

1.9 

0.0 

0.0 

0.0 






••••••••••••• 

mmmmmmmmmmrnm 



aamatwM IMUT 

iNtttf (HUM) 

lA.Ol 

lA.OI 

It.io 

10.00 

1.71 

O.ll 

0.71 

10.70 

ARNATURI ACiCM. 

OUTPUT (AM**) 

0.01 

O.BB 

0.01 

0.01 

0.10 

o.ll 

o.ot 

O.AI 

ANNATURI RItiM. 

OUTRUT (B) 

v.l 

1.0 

0.1 

0.0 

o.O 

l.t 

o.t 

0.0 

RICLO (MfMft (RAM) 

0«AAR 

l•«OA 

0.000 

l.ioi 

o.too 

0.101 

0.019 

0.079 

COATROttfR 
KAAIClCMCf (I) 

M.l 

00.7 

00.9 

00. • 

01.7 

00.0 

00.0 

01.0 

ObOMCTCR 
RIAOIMA (MlUt) 

liU.o 

1711. 1 

1710. • 

tOIO.I 

tOll.9 

tOAB.9 

toio.9 

9011.7 

BAITfMf RCCMAMBI 
CMCM6T lAAtClCMCV(t) 

10. 10 

10.11 

M.A. 

M.A. 

91. IJ 

M# A . 

M. A . 

N.A. 

iATICRV MCCmANBI 

AMRCRUft IMlClfUCfCBI RA.t 

N.A. 

M.A. 

00.9 

07.7 

01.1 

07.1 

00.1 

•ATTCMV TIM. 
iCruRl (DIB R) 

u.% 

70.1 

M.A, 

N.A. 

71.1 

N.A . 

71.1 

M.9 

•ATTfR? TIM. 
AMIR (DIB R) 

OA.A 

OR.A 

M.A. 

SAlSSARRRRRRi 

M.l. 

SRMRRRMRAI 

70.1 

M.A. 

OU.l 

01.0 


• cn«»iMVS 

TCIT MU. Ill MUf A bAMii Ut1 • MiSlItAIlf MyT fteUALIlAllUM MlCMAMtt 


C-25 



•CT-1 tOtm-m 


HOT MOiiOUit 1? 10 If to tl tt tl ti 

••AAMMMMaMOMMaaMaMMOMMaoaaMOOMMMMaMOMMMSMMMOMMMOaaMMMMaMaaaMSMOaMMMMAAMaaaaABMOAaMAaaBMMAABMMMaMaaaMOiMtMMMS 

tii? OAU fi/if/ff fi/ii/ff tf/ii/rf 09/ti/ff 9f/i%/n #?/••/?% M/oi/9f 

HOT f?n 

lfM»M 

lfl#M 


c 

c 

ACCK 

Iffff 

c 

OATflOT ffPg 

fi»A 


fO«A 

fi-A 

0«*A 

00»A 

OVA 

M»f 


••••••••• •••••••••*•••• 






iAtllttf 

|V*llf 

Ifc 

CfllO 

• VI 10 

IVIIO 

•VI 10 

f AiUlIf 

IVIIO 

•AT9IAT tatllfV 
UOMOM? IMl/AliNi 

••11 

•.M 

f.fl 

l.lf 

M.A. 

f.A, 

f.fl 

t,fl 

■anm macti 

•••• 

. ff.l 

•••• 

fl.f 

••.T 

n,A, 

ff*t 

M.f 

•AtflNT OiKMAMOt 
iMCKtf (««M| 

(••If 

lO.M 

If.fl 

ll.lt 

f.A. 

f.A# 

t.lF 

ll.lf 

iMCOtf fRMM| 

•*••1 

••ai 

•••1 

• •*F 

o.oo 

•.Of 

•••I 

••If 

•AT HAT •UtN, 
miiiOT (tl 

(I.OI 


f.lf 

f.oi 

0.0 

0,0 

•.II 

t.ff 

••••••••••••••••••••« 

• 

• 

: 

• 

• 

• 

: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


■ 

• 

• 

1 

• 

• 

1 

• 

• 

• 

• 

• 

• 

• 




•AltINf OlKMAMfi 
(ANT • IHHAItl 

!•«»•• 

loo«o 

Itl.o 

m.i 

ilo.o 

f.A, 

f.f. 

llt.l 

•AT riff fittii. 
(AMT • MOUOO) 

••• 

o.p 

0.0 

t.l 

l.f 

f.f 

••• 

o.f 

•AT Tiff •I•CI•• 
AmfAti (II 

0.0 

0.0 

0.0 

l.f 

l.t 

A.t 

f.o 

f.f 

AMMAliml IMTUI 
(MtMf (««M| 

(••If 

(•••f 

lA.ff 

II. •• 

0.00 

A.OO 

F.ft 

11.00 

AfUATUM NtOlM, 

Ourrui (f«M| 

e.ool 

0.01 

0.01 

O.A« 

0.00 

0.00 

0.01 

O.fl 

AfMATUNl MltlM, 

OOTfUl ci| 

O.ot 

0.1 

O.t 

F.l 

0.0 

f.o 

o.t 

l.f 

MILD CHfftf (AMMI 

i»?fO 

(•Oft 

•••ff 

l*A 

M.A. 

M.A • 

O.ftf 

l.llf 

caMTfOtttf 
IMICtlHCf (II 

ff.l 

«••• 

••.• 

fA.I 

O.A. 

f.l. 

ff.l 

ff.o 

OOUMITIf 

fiAiiiMi (miliai 

lllf.f 

itoo.t 

Itff.t 

lAOf.l 

IflA.O 

M. A , 

lOfO.A 

ITtF.I 

•ATI Iff aUMAMlI 

iMiftf imciiHCfCii ff.to 

M.A, 

M.ff 

M. A . 

M. A . 

f . A « 

f.f. 

FO.OI 

IMflfAII IMICUMCfdl •t.T 

*••• 

•f.A 

•o.f 

•f.F 

M.f. 

f.f. 

•f.o 

•AtliNf IlMM. 
•If Of A (Oil II 

TA.T 

Ff.l 

•f.f 

If. 

It. 

f.A. 

•f.f 

Ot.f 

•ATfiff riMf, 
AfTIf (Oil fl 

f9.f 

ft.o 

•f.A 

do. 

M.A. 

f.f. 

Tf.F 

loo.o 

a CIMMiMTt 

T|»T MU. IH flAOMOfTIC T|fT 

OMif • 00 

mot Mfuff 

oata 





TIAT MO, l«l OlAiMOlTlC flAT 

0*0* * 00 

mot Mlfuff 

oata 






VIST MU. fttt • NO«t*« tAM ritl - « M|« |mU««UMIOm 
TC iT til cv»*»n«fN »AH ffti • iNiHAV COOMTIII movLliit 


TiAT ttl ftVi* liiillfl* SAM tiAt • MO DATA 

TCAT MO, til OlAOMOfVlC UAt OMt? • DO mO tfAO«V DATA 


C-26 


•CT-1 CM*« 


fftl Nimtt 

it 

t# 

If 

#• 

t# 

t# 

SI 

M 

tit? tSfi 

u%f§hf9 

ft/#f#r# 

••/I#/?# 


M/ii/f# 

•i/tWM ’ 

’•#/ii/M 

t ••••••••••• 

#i/f#/M 

ttti tm 

c 

ISA## 


• 

ACUt 


IMTA 

IIM# 

iSTfltf Tfft 

A»*A 

##«A 

■ll«tN 

Sl»l# 

#t»A 

s|«#S 

Sl«ft 

M|*#l 









lifttMV 


lACUltf 

m 

IM 

AVIS# 

H#l« 

•flit 

•t#f. 

is? tin? iHCttV 
ICMHf 

t.M 

I.M 

#*ii 

t.ts 

#•## 

s.tf 

s.lt 

#.M 

■S4M CNttll) 

H.l 

#!•# 

% 


II.# 

##•1 

ft.t 

Itl.l 

M.# 

infllif C«»M) 

li.SS 

Il.tf 

it«#i 

I.M 

I#.#! 

If.## 

l#.M 

If.l# 

•ATIta? nun, 
iHtHtV ISVM) 

#•11 

#•#1 

#•#1 

#•1# 

#•1# 

#•#1 

#•#1 

#•#1 

mMt cti 



#.H 

1*1# 

I.M 

#.#% 

#•#% 

#.#l 

•AttUf OltCHAM 
UNf • IHHISI) 

l«f«l 

•I.A, 

ii#«i 

M.l 

#s.l 

U#.l 

l#A«# 

!#••# 

•sffCHf null* 

(SPI» • 

#•« 

#.# 

#•# 

#•# 

#•# 

#.# 

#•# 

#•# 

•AfTISf »CUII« 
AM»tSStt m 

#.S 

#.# 

#.# 

#•# 

#.# 

#•# 

#.# 

#.# 

ASNAtytft l«ruT 
|i«Mf Ummi 

ll«l# 

l#.il 

!#•#« 

t.## 

«•## 

l#.f# 

If.Jf 

I#••t 

SAnsflWt iitUii* 
Output (SMI) 

#••1 

#•01 

#•#1 

#.t# 

o.a# 

#•#1 

• •If 

#•#1 

SSMStm «SMli* 
pyfpyf Ci| 

#•’ 

#.l 

#•1 

•.# 

<•1 

#•# 

i.y 

#.l 

P4UU USMl 

I*!## 

• •fM 

!•#»# 

•tIH 

••Ml 

#.llf 

•••••• « 

i.##f 

#.|#% 

cytiriotkiM 
iPsicuKt (II 

•#•# 


tfft 

M.# 


##•% 

•f*# 

##•# 

MflHmtM 
HSfiSi INIWIII 

If##*# 

l##l»l 

A#fS«# 

Hfs»# 

Mfy.i 

#M#.| 

•III.# 

•tll.i 

•All|«f «sciiA«ys 
maiv iMicu«Cf(il 

S.A, 

•.I. 



#.#. 

W9#9VW#9V#. 

••#. 

#•1. 

•SfTtlf tfSCMvbi 

AMtSAM imCltMCYd) il.S 

**»s# 

##•1 

A.A. 

A, A, 

A.A. 

s.s. 

#%.# 

•ATTfAV fAA#« 
Mfon (MS rl 

TI.S 

d,# 

»••• 

»#.# 

ft.# 

##•1 

•#.# 

#f.l 

AAfIfAf 
AfriA (MS f) 

##•% 

ll?«« 

lti«# 

•s.l 

##•1 

l#t.# 

III.# 

llt.l 




9 (0MI%llt9 

f|lf OUilNItflC tllV tAftlMf mittt TU 0«|t| r«i|« 

TIIV «y. «•! MftIliV IS I^is 

VIST «0« MStCl SiMt TSQ sCCCk. 


C-27 


tCT*i Cwir# 


Til? »vNNtt Jl M It U If M H If 


titt »4tf 

M/M/fB 

"*tt/tf/fB**** 

•B/H/f”** 

HHf/H 


1— — — 
tB/tVIt 

"tt/H/?t"**' 

!•••••••• AAA 

ft/ff/ft 

TItf VfIC 

1 

• 

t 

IfBMl 

C 

IfBtB 

ItBtH 

ItliAB 

•ATfltf ffH 


«l|«l| 


lil*#l 

tt«A 

ntmin 

t#»i bIaI" 

•AT?|«f 

«*ftY» 

•lift 

•Clf. 

HIT. 

IVMII 

VAtfH? 

IfMII 

VAttHf 

•ATTlBf IBCMV 
CCt«0«V fBl/BBlO 

l.lt 

l.ll 

I.M 

B.H 

l.lt 

t.tt 

t.M 

t.tl 

••«tc C"IUt) 

AI«A 

^Bl.t 

•ft? 

ttt.l 

tt.l 

il.t 

IIT.t 

ttt;t 

•A??|Bf DllCMAIftA 
IHMY CKAB) 


H.ff 

It.ft 

It.fl 

It.Bt 

IB.M 

It.tt 

|t,M 

MTTCtf BltlM. 
INfM^ C«B«) 

B.IA 

•Mt 

••ft 

t.tl 

t.ft 

t.tl 

t.tM 

t.tl 

MTfCBf mCB. 
l«|t«V (II 

l.ff 

i.u 

I.Bf 

i.H 

••IT 

t.H 

t.tl 

t.tt 

•irtUf tttCMAMC 
«Ant • MOmtl 

|A|«A 

iBl.f 

lH«t 

Itf.t 

Itt.l 

Itt.t 

Ift.l 

Itt.l 

lAfTCBf HttB. 
(AnB • NOMItl 

• ft 

t.t 

IfB 

t.t 

t.t 

t.t 

t.t 

t.t 


tIHH* 

111 l,t ••• f.t C.t ••§ 




IHMY (BAMI 

l•.ll 

It.tt 

lA.tt 

M.ft 


It.tt 

It.tt 

It.tt 

AAAATUtt AIICa, 

OVttgT (AAN) 

P.f A 

t.tt 

t.tt 

t.tl 

t.tt 

t.tl 

t.tl 

t.tt 

AtMATlItl tftCA, 

OUTAuT (1) 

A.t 

t.t 

t.t 

t.t 

t.t 

t.t 

t.t 

t.l 

rilCD IHBiv IIABI 

A.TAl 

l.tft 

t.fit 

l.ttf 

l.tfl 

t.ltl 

l.lft 

t.Itt 

CtAfttttft 

iMiCifACV (II 

•t.t 

Bt.t 

tt.f 

Bf.t 

Bt.t 

tt.t 

tt.t 

•t.t 

OtOHYt* 
AiADIH ("tail 

Aitt.l 

AItt.t 

•Att.t 

•ttt.f 

ttft.t 

Attt.l 

tTtt.f 

tttt.t 

CHttv Iff ICIIHVCII 


B.t. 

B.t. 

B.f. 

ft.tt 

B.t. 

fl.tt 

A. A. 

AAAftAfI IfflCIIHfUl 

B.t. 

ft.t 

ft.t 

B.t. 

tt.f 

tt.f 

tt.l 

B.t. 

•ATTftf flAA. 
MfOtt (ttli fl 

•A.l 

•.t. 

B.t. 

tl.t 

tt.A 

ft.l 

ft.t 

fl.t 

tATT|tf TIAA, 
Aftft (Nt f| 

Itt.A 

B.t. 

B.t. 

Itl.f 

SAAAAA AA AAAAAAA 

•l.l 

Itl.t 

tt.l 

ft.t 


t CO««C«if| 

TfIT MO. 

Utf •«. 

flit «0. 

^Itf ••. 

fllf * 0 , 


III IBAC "AttiCflC t*l8 I «t«« Uft IB afiBTIM 

Ml MTVIBV T|«*Bfaify«|| BiO • laCfBXBft MlUAM 

HI MVffBV TI*iBCBif||«tl B4I • lUCHKVff tllUBtl 

Ml tlfVitf T|«i#it4fy«ci MB • lilCMOtBfl MlUBtf CtkkI MTt|«B HA* 

III tfilMltvlC ItY IMtY 


C-28 


8CT- 1 (Conf d) 


Till NUNURMI 

At 

4i 

OS 

M 

of 

06 

0? 

00 

HIT DAT! 

05/U/75 

lO/Rwr® 

IO/Oi/7® 

10/00/?f 

lO/Of/76 

iD/OO/io 

lO/OO/TO 

lo/io/fo 

TUT TTH 

5V»R** 

c 

fURR 

• 

0 

• 

u 

SURR 

•AITIRT im 

•••A 

•••A 

RO«A 

RIUR 

Ol-A 

i««*A 

61-lR 

RR*A 

•AltCMf 

IVUII 

ITUIS 

IVi-lS 

tamorit 

lol-IS 

6VS«1S 

TANDRIT 

|vt«lS 

•ATTUT INUST 
ICOROUT (NI/AMH) 

A«dt 

I.Vi 

O.SO 

S.06 

I.U5 

l.Sl 

i.16 

6.01 

RAH^I (HILU) 

u,® 

« Rl.f 

50.7 

•S.l 

S6.5 

fo.o 

00.6 

116.6 

•AtlINT 0UCNAM6I 
IMCM6I (A«N) 

I1.5A 

1A.5S 

IS. 51 

<0.61 

11.06 

U.IS 

15.16 

16.1? 

•AffCMV RiSlH, 
|H€R6t (RhM) 

0,01 

O.A® 

0.01 

0.50 

0.61 

0.60 

0.5S 

0.01 

•ATTUT RUIN, 
IRIRIT (1) 

O.uT 

I.IT 

0.0? 

S.il 

S.oi 

I.T6 

S.65 

0.05 

•ATTUT OIKNAMhI 
(ART • HOURi) 

ISR.® 

1AI.5 

1S0.6 

100.6 

its.o 

160.6 

16S.6 

ISO.? 

•ATTIRT RUtR. 
(ANR - NUURI) 

0.0 

l.l 

0,1 

0.1 

t.6 

0.6 

S.O 

0.0 

•ATTUT RUCM. 
AMUR All U) 

0.0 

O.i 

0.1 

0.1 

S.l 

o.s 

S.l 

0.0 

AMMATURI IHTUT 
IACR6T (khh) 

ll•^® 

11.00 

IS.tf 

16.66 

11.10 

I5.i? 

16.51 

16. ?5 

ARnaturk MUU, 
nuiRUi (rmn) 

u.ot 

0.60 

0.01 

u.io 

0.05 

U.6? 

0.50 

A . 00 

ARNATURt RI6IN. 

OUTRUT it) 

u.l 

A. 6 

0.1 

5.0 

s.o 

5.? 

0.1 

0.0 

FIELD CRiRbT (RAM) 

o»oo® 

1*A«6 

O.IUS 

0.105 

U.55I 

5.U00 

u./o? 

l.iso 

CUhTnOlLEi* 
CFFICUMCT (t) 

RA.IR 

tf.T 

00.1 

00.? 

00.6 

00.0 

00.? 

00. 0 

nOORCTEN 
RIAOIM6 (RILU) 

«®5^•6 

5010.5 

5050.5 

511S.0 

5175. 1 

5111.? 

5S?0.0 

55IO.S 

AATIINT MCCRAMbI 
(RtN6T IFFICIUCTCI) 

a5.®S 

6?.t® 

66.56 

R.A. 

66.01 

?S.65 

R . A . 

?!.?• 

•ATURT RiCNANDt 

ARRIMASI IFFlCllMCT(t) AL.I 

U.l 

u.o 

Oi.O 

6J.0 

65.6 

01.0 

65.1 

•ATTCHT TAnR* 
•IF URL (DU F) 

T5.® 

60.6 

TO.6 

Tl.l 

M.S 

66.5 

R.A . 

?5.0 

• ATTIRT UHR, 
AFTIR (016 F) 

aa.i 

M.A 

•6.0 

00.0 

01./ 

TT.o 

R. A . 

61.? 


• COMHlNTt 

TttT NU. ««l 15 Mt«*UTk l*ir|lli«U^riO*i lOTO* 1UUM6 0UM1N6 INTtHMUPTlUN 

TC5T HU, «5I OMUVC (in«A CTCLI ^aST Tf R h|naT | ni« C*|TlRlUl« AOJUtT qaTa ACtOilDiNtti.T COiLiTi t CTCLU 


C-29 


•CT-1 


TCAT HUNPCKS 

M 

if 

ft 

u 

01 

At 

Nl 

flir OATI 






lt/00/70 

ll/U/79 

TUI TIM 

ionhh 

0 

• 

c 

IfiTHH 

«ONHN 

C 

•ATTCav tVM 

N|«|N 

^••A 

M»A 

Hi«A 

NI»|N 

Ht»A 

HO*A 

•ATTIIIT 

TANONCT 

ivi-is 

IV|»1S 

ivt*is 

TAADNIT 


lVt«IS 

ICOITONV (Ml/ilNN} 

% 

s.fl 

S.ll 

S.tl 

0.10 

0.10 

i.M 

HANOI (NItU) 

lu.o 

IS.S 

10.1 

0I.« 

117.1 

M.O 

10.0 

ILAHICO TIHI 
(HINUTII) 

Ut.f 

U.T 

m.t 

uo.t 

<l«.0 

l§7.f 

117.0 



•im«v tcm#« 

•croM (DU n N.A. u.% u«» n.« ti.« h,a, 

•ATfltT TIMD, 

AMtR (DU f) N.A, «!•« Tf.t •••! fl.l «|,S N«A, 


• COMMINTI 

TUT NO. Nil tATTIIIlU OVINO 

TUT NO. OSl iATTimil OT|NO | CTCU INTINNU^TIO OT AOOUT | N|N. OlLAV 


J 


C-30 


SCT R 


I 


! 


APPENDIX D 
ERRATA 

1 ELECTRIC ROAD-LOAD ERROR 
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After the teste described In this report end the report Itself were coa- 
pleted, e problea wee discovered with the coest-down tests for the South Const 
Technology t-1 Electric. By the tlae the problea wee noted, the perforaence 
tests hed been coapleted. In eddltlon, the vehicle had suffered deaege to the 
aotor end trensalsslon which suide It laposslble to repeat the const downs. The 
net result Is that the perforaence results, range, and energy aconoay reported 
here are optlalstlc for this particular vehicle. Note, however, that the objec- 
tive of the tests (see Section III) was to provide e base froa which coaparatlve 
tests of batteries (with the seas vehicle) could be aede. Since the error froa 
the const-down tests effected ell dynaaoaeter range tests aede with the SCT 
vehicle, the date ere acceptable for coaparatlve purposes. 

The problea arose because the 1219 a (4000 ft) portion of the runway used 
for the coast downs (see Reference 4 for additional Inforaatlon) was essuMd to 
have e constant grade of 0.18X. The date froa e detailed survey showed that 
the 1219 a (4000 ft) section In reality consists of two sections of about equal 
length with grades of 0.13X and 0.23Z. The problea waa further coapllcated 
because no atteapt waa aade to record where on the runway the coast down 
occurred. This latter step was not needed If Indeed the grade had been con- 
stant over the entire 1219 a (4000 ft) length. Therefore the data cannot be 
corrected with any confidence. 

However, after the tests reported here, a second SCT R-1 Electric was 
subjected to proper coast down and dynaaoaeter tests. While these tests do not 
lend theaselves to a alaple adjuataent of the results of this report, they have 
been used to aake an estlaate of the errors In range resulting froa the laproper 
coast downs. These estlaates are based on both the coast down and dynaaoaeter 
data for the second vehicle and repreaent the largeat error that could be 
estlaated froa the two sourcea. 

Although exact positions on the runway are unknown, both the 90 ka/h 
(50 al/h) and 24 ka/h (15 al/h) tests were. In general, conducted at the 
extreae ends of the runway and therefore are aost likely to have the largest 
error. The direction of the errors was such as to understate the road load. 

The 56 ka/h (35 al/h) data was. In general, obtained near the alddle of the 
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runway and, In tha caaa of tha oppoalta diraction taata, ara aora Itkaly to 
cancal tha af facta of alopa aa thay wara Intandad to do* Tha MxlBua arror 
which could hava raaultad la approxlaataly 32 N (7.2 Ib^). Tha total road 
load at 56 and 24 ka/h ( 50 and 15 al/h) waa 427 and 191 N (96.1 and 43.0 Ib^), 
raapactlvaly. 

Rafaranca 4 ahowa that tha loada actually oat Into tha dynanoaatar 

% 

dlffarad froa tha runway valuaa. Tha dynaaoaatar load at 24 ka/h (15 al/h) 
could not ba aat low enough evan though the lift technique waa uaed (hindsight 
haa shown that tha runway value was too low). As a coaproalsa, tha (50 al/h) 
dynasioaetar load was sat lower than tha runway load and the (15 al/h) load waa 
than higher than tha runway value. Therefore, tha percentage arror for tha low 
spaed tests la lass than for the higher speeds. It la eatlaated that the range 
values given In for tha SCT R-1 Electric are too large by tha following aaounts: 

56 ka/h (35 al/h) - 4X 

88 ka/h (55 al/h) - llZ 

Schedule C cycle - OX 

Schedule D cycle - llX 

Note also that when the second SCT vehicle was tested at a correct dyna- 
aoaeter setting. It was unable to coaplete a 88 ka/h (55 al/h) or a D cycle 
because the aotor teaperature exceeded the safe Halt and the vehicle aiitoisatl'* 
cally went Into a current Halt aode. Therefore, applying the corrections given 
above will adjust for the errors In road load, but will not predict Inherent 
vehicle Haltatlons which only becoae apparent with the proper road load. Also 
note that the road~load errors were approxlaately one-half the values stated 
for range. 

The other three vehicles discussed In this report were not affected by 
the slope probleas just discussed. Each of these vehicles were fortuitously 
tested only on the flat 610 a (2000 ft) portion of the runway. Although the 
slope problea had not been Identified at the tlae the latter three vehicles were 
tested for road-load deteralnatlons, reflneaents to the coast-do%m procedure 
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•tartsd each tast at tha far and of tha runway. In addition, the higher 
road-load characterlatlca of these three cars resulted In auch shorter coast 
distances. Therefore, the shorter constant slope segment was sufficient to 
coaplete any specific segaent (high or low speed) of the coast-down process 
without s change of slope occurring. 
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